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SUMMARY 

Specimens col lected by the  Luster Sounding Rocket Experiment during the  
Leonid meteor shower November 16, 1965 were examined by combined high 
resolut ion electron microscopy and electron d i f f r ac t ion  techniques. A s  
par t ic ipants  i n  the  guest s c i e n t i s t  program and i n  c lose col labomtion 
w i t h  Neil H. Farlow of t he  Space Sciences Division, Ames Research Center, 
NASA, we were able  t o  share p a r t  of one Ames module, which w a s  handled 
at, Ames Research Laboratory, conforming t o  the  rigorous standards of 
the  contamination cont ro l  program which w a s  applied t o  a l l  phases of the  
experiment. The Luster micrometeoroid sampling instrument was 
car r ied  by an Aerobee 150 sounding rocket t o  an a l t i t u d e  of 145 km. 
The instrument opened, on ascent,  a t  64 km and closed, on descent, 
a t  116 km, exposing 1 square meter o f  sampling surface v e r t i c a l l y  and 
another square meter horizontal ly  f o r  200 seconds. 

Special  high vacuum containers were designed and constructed f o r  t r a n s f e r  
of t he  sampling Surfaces under controlled conditions of minimum contam- 
inat ion.  
demountable s l i d e s  containing several  h y d r e c  platinum specimen holders 
coated w i t h  extremely smooth, t h i n  ( 1 0 0 A - 4 O O A )  f2- substrates  of carbon- 
s i l i c o n  oxide-formvar, i n  addZtion t o  larger surfaces of f r e sh ly  cleaved 
mica, and p l a s t i c  s l i des .  Three iden t i ca l  containers and specimen sub- 
s t r a t e  assemblies were prepared f o r  the  Luster experiments t o  furnish 
independent contamination controls  a t  the d i f fe ren t  s i t e s  of  the  experiment. 

Contamination control  w a s  maintained throughout t he  t ransportat ion,  f l i g h t ,  
recovery, and analysis  of the  sampling surfaces.  
examined i n  the new e lec t ron  microscape f a c i l i t y  i n  the Research I n s t i -  

f i v e  high resolut ion electron microscopes and d i f f r ac t ion  cameras, 
were espec ia l ly  designed t o  operate under clean room conditions. 
have a spec ia l  air-conditioning system provided w i t h  Cambridge absolute 
f i l t e r s  excluding p a r t i c l e s  greater  than 0 .1  microns. 

A l l  s tud ies  were performed under conditions of minimized specimen 
contamination and rad ia t ion  damage by using electron microbeam i l l u m i -  
nat ion of very l o w  i n t e n s i t y  and l iquid nitrogen cooling devices. 
T h i s  represents  a s ign i f i can t  improvement over previous s tud ies ,  since 
hereby the  appreciable specimen heating and contamination e f f e c t s ,  
f requent ly  occurring i n  standard electron microscopy, could be considera- 
b ly  reduced, thus making it possible t o  detect  c e r t a i n  e lectron sens i t ive  
mater ia ls  f o r  t h e  f i r s t  time. I n  addition, the  spec ia l  l iqu id  nitrogen 
t r a p s  surrounding the  specimen p rac t i ca l ly  eliminate the serious 
add i t iona l  contamination f r o m  organic vapors i n  the  microscope column, 
thereby enabling u~ t o  consis tent ly  detect  any p a r t i c l e s  i n  the  s i z e  
range of lOA t o  2 0 A  collecteqi on the atomically smooth carbon f i l m  and 
s ingle-crys ta l  surfaces.  

Each high vacuum container provides secure attachment f o r  

The specimens were 

t u t e s  of t he  univers i ty  of Chicago. rn. lrlese h"ui-&torieS,  eqidQpzd W i t h  

They 

The improved resolut ion i n  the  range o f  lOA t o  20A reproducibly 
achieved i n  these s tud ies  e f fec t ive ly  enlarges the range o f  d i r ec t  
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visualization, not only of significant new specimen details, but also 
of many types of hitherto undetected contaminants. 

In keeping with the rigorous criteria for identification of particle 
origin described by Farlow, Blanchard, and Ferry, great emphasis was 
placed on thorough evaluation of possible sources of contamination, 
with particular attention to systematic examination of control specimens. 

The results described in this report are based on careful examination 
of several thousand specimen areas, and evaluation of representative 
electron micrographs recorded at electron optical magnifications of 
25Ox--to 180,000~, including the corresponding selected area high 
resolution electron diffraction patterns. This preliminary survey, 
carried out by two independent electron microscope groups working with 
different instruments, represents examination of only 20% of the 
platinum specimen holders exposed during the Luster Flight, and of the 
corresponding non-flight controls, and less than 10% of the total 
available sampling area in our experiment. 

Although much further work remains-to be done before final evaluation 
of the results can be attempted we believe that certain reproducible 
findings made in the course of tl$s preliminary investigation are of 
significance, and appear to confirm and extend the results of previous 
work in this field. 

As shown in the accompanying illustrations a number of characteristic 
particles have been found in the Luster on-flight specimens which are 
essentially similar to the three types of micrometeorite particles 
first described by Hemenway' and Soberman (Astronomical Journal, 9, 
256, 1962). In agreement with the findings of these authors, most of 
the particles encountered are submicron in size (about 0.01~ to 0 . 4 ~ ) .  
However, with improved resolutionowe wereoable to detect numerous 
particles measuring only about 20A to 100A, and to find indications 
of subunit structure in the larger particles, which also yield 
c l-,&i?&c t 1'- 5 8 t ic 

Application of low intensity electron microbeam illumination and 
specimen cooling permitted us to make the unexpected finding of an 
opaque electron-sensitive material which appears to coat many of the 
particles and is volatilized or degraded by electron bombardwnt. 
High resolution electron diffraction patterns with long period spacings 
recorded from this material have features in common with certain organic 
compounds which are being further investigated. Although this electron- 
sensitive material has not yet been found in non-flight controls, 
considerable skepticism concerning its extraterrestrial origin is 
indicated until' all possible sources of contamination can be eliminated. 
If subsequent studies with improved methodology substantiate the 
existence of such volatile surface layers associated with certain 
typesLof meteor stream particles, it is interesting to speculate on 
the possibility that we may be dealing with characteristic organic com- 
pounds, or with (mixed) gas hydrates of organic compounds. 

Collateral electron microscopic and electron diffraction studies are being 
performed on samples of Canyon Diablo meteorties (kindly provided by 
Dr. E. Anders) and on other known samples of representative iron and stony 
meteorites. Examination bf this material will provide a valuable refer- 
ence standard designed to test and refine our techniques, and to otherwise 
supplement the current electron-optical investigations of micrometeoroid 
material collected by rocket payload. 

le c t 1- Oil d If fi-&,c t 1 Gi-jj p st t e nj s . 
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Specific Research Program. 

A.  Report on Preliminary Examination by Electron Microscopy 
and Electron Diffraction of Materials. Collected by the 
Luster Sounding Rocket Experiment on November 16, 19b5. 

INTRODUCTION 

Following the  i n v i t a t i o n  of Dr. Maurice Dubin, Chief of 
Interplanetary Dust, Physics and Astronomy Program, 
OSSA of NASA, and i n  c lose collaboration with 
Dr. Neil H. Farlow of the NASA Ames Research Center, w e  
were able  t o  pa r t i c ipa t e  i n  the  Luster Rocket Collection 
Experiment, successfully car r ied  out on November 16, 1965. 

LUSTER i s  a sounding rocket program designed t o  c o l l e c t  
meteor stream pa r t i c l e s  and other e x t r a t e r r e s t r i a l  dust 
from the  outer fringe of the  ea r th ' s  atmosphere f o r  
laboratory analysis.  Some of the  material ,  t o  be 
gathered i n  the  course of t he  planned s e r i e s  of th ree  
co l lec t ions ,  i s  presumed t o  be of lunar or igin 
(D.  E. Gault e t  a l ,  NASA TN D-1767, 1962). 
mental objective of the  1965 Luster Fl ight  w a s  t o  co l l ec t  
micrometeor0id debris during the  peak of the  Leonid 

The experi- 

m-+nnv p h n r . r e r  I I L G  U L U I  U I I " " .  U I  . 
The Leonids i s  an annually recurring meteor shower which 
has a t t r a c t e d  considerable a t t en t ion ,  with records of i t s  
appearance dating back t o  585 A,D.  (W.K. Green, 1947). 
It i s  a t t r i bu ted  t o  the  comet Tempel-Tuttle (18661) whose 
o r b i t  coincides w i t h  t h a t  of the meteor stream 
(J. G.  Porter,  1963)0 There i s  a strong condensation of 
t he  meteors i n to  a swarm through which the  ear th  has been 
passing every 33 or 34 years. Probably the  most s t r i k i n g  
display occurred i n  November, 1833 when 650 meteors were 
counted by one observer during f i f t e e n  minutes. In  1899 
Jupi te r  passed very close i u  %ie iiietesy sxzrz z Z C !  
deflected it from the ea r th ' s  o r b i t .  Subsequent per tur-  
bations fur ther  decreased i t s  i n t ens i ty  s o  t h a t  i n  
1932-1934 no r e a l  showers were observed. 

On the  bas i s  of t h e  33-year i n t e n s i t y  cycle,  an increase 
i n  the  inf lux  r a t e  of  p a r t i c l e s  i n  the  Leonid shower 
of 1965 o r  1966 was predicted. 
taken from the  recent report  on the  Luster Experiment 
by N ,  H, Farlow, M. B. Blanchard, and G ,  V. Ferry, 

A s  shown i n  the  f igu re  

- 3 -  
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radar observations and v isua l  counts of the Leonids 
during the  past  years appear t o  confirm t h i s  
prediction. 

Spectra of the ablation, observed as the  Leonid meteor 
p a r t i c l e s  enter the e a r t h ' s  atrnosphere,indicate t h a t  
these p a r t i c l e s  a re  o f  the  stony type containing the 
major elements: 
Lokanadham, Natfire, - 197, 1-69; - 198, 77, 1963). 

C a ,  M g ,  Fe, S i ,  0 ,  and N a  (Rao and 

The co l lec t ion  of p a r t i c l e s  with a recoverable 
sounding rocket, which w a s  successfully car r ied  out 
on November 16, 1965 close t o  the estimated peak of 
the Leonids, i s  expected t o  y ie ld  information bearing 
d i r e c t l y  on the physical and chemical fea tures  of 
these meteor stream p a r t i c l e s .  In  add i t ion ,  we may 
gain d i r ec t  access t o  the or ig ina l  cometary mater ia l  
which i s  probably the only i n t a c t  source of p a r t i c l e s  
t h a t  condensed f romthe  p r i m o r d i a l  solar nebula 
( B ,  Donn, A m .  New York Acad. Sciences, 119, 5, 1964). - 
After extensive discussions with M r .  Neil Farlow, 
Space Sciences Division, Ames Research Center, and 
following the  detai led ins t ruc t ions  i n  the  Guide t o  
Guest Experimenters, we proceeded t o  prepare the  
sampling s l ides  and t r ans fe r  containers f o r  p a r t i c i -  
pa t ion  ir, the  Luster pro jec t .  

w a s  t o  t r y  t o  conform t o  the most rigorous requirements 
f o r  controlled exposure and r e t r i e v a l  of su i tab le  
substrates  f o r  subsequent high resolut ion electron 
microscopy and electron d i f f r ac t ion  under conditions of 
m i n i m u m  contamination and perturbation (Fernandez-Moran, 
J. Royal Microscop. Soc., 83, 183, 1964). 

Qur major concern through- 
--.I LL- IrllG pLarizirig siii: izipkmsntztlon of  these experiments 

- 
The new electron microscope f a c i l i t y  i n  the  Research 
I n s t i t u t e s  of the University of Chicago i s  p a r t i c u l a r l y  
well  sui ted f o r  t h i s  purpose, since it i s  probably the 
only ex is t ing  high resolution electron-opt ical  laboratory 
espec ia l ly  designed t o  operate under clean room conditions. 
These labora tor ies ,  equipped w L t h  f i v e  electron 
microscopes and electron d i f f r ac t ion  cameras, have a 
spec ia l  air-conditioning system designed t o  maintain 
r e l a t i v e  humidity not exceeding 50%, and are provided with 
Cambridge absolute f i l t e r s  excluding p a r t i c l e s  grea te r  
than 0 . 1  microns (Figures A,  M - 1 ) .  

- 4 -  
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Careful study of the pioneering work of C. L. Hemenway, 
R. K, Soberman and their associates Astronomical 
Journal, 67, 256, 1962; Tellus, 16, 84, 1964) was of 
key valueTn establishing a standard of reference 
for investigations in this new field, and in helping 
us design our experiments. 

With the experience gained from the Venus Fly Trap 
Program, and based on our own extensive studies on 
specimen contamination, we have taken an approach 
which appears to be well suited for the proposed 
collection experiments 

For this purpose, in collaboration with the staff of 
the Biophysics Department and Central Development Workshop, 
we have designed and constructed special high vacuum 
containers for transfer of the sampling surfaces to 
collect extraterrestrial material for electron microscopic 
and electron diffraction analysis under controlled 
conditions of minimum contamination. (Figures 1-6). 
These containers make it p ssible $0 maintain a high 
vacuum of the order of lo-? to 10- mn Hg during 
transport from our laboratories to the clean room area 
at Ames Research Center, where attachment to the module 
pans of the rocket-launched payload takes place. The 
specimens are transported back after exposure under 
similar high-vacuuq conditions for direct examination by 
eiecti;oii riilci-oscopg, eleztra:: diffracticm, and relat.ed 
electron optical techniques. 

As shown in Figures 3-6, each high vacuum container provides 
secure attachment for slides containing several hundred 
platinum specimen holders coated with smooth thin film 
substrates of carbon-silicon oxide-formvar, in addition 
to larger surfaces of freshly cleaved mica with atomically 
smooth surfaces, plastic slides, and related collecting 
surfaces. The stable, chemically inert,platinum specimen 
holders with extremely smooth, "noise-free'' thin film 
substrates are more suitable than the standard thin copper 
mesh electron microscope specimen holders with thin films 
coated with the more particulate aluminum deposits. 

Three identical containers and specimen substrate 
assemblies were prepared for the Luster project to furnish 
independent contamination controls at the different sites 
of the experiment: Ames Research Center, The Rocket 

- 5 -  
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Launching S i t e  a t  m i t e  Smds, and the  ac tua l  on-fl ight 
container f o r  the Luster Fl ight  on November 16, 1965. 

The containers were hand-carried t o  Ames Research Center 
i n  the  l a t t e r  p a r t  of October and returned t o  our 
laboratory i n  the  sane fashion shor t ly  a f t e r  the  
successful Luster Fl ight .  
of Neil Farlow, it was possible  f o r  us t o  share p a r t  of 
one Ames module, which was handled at  Ames Research 
Center i n  a Fed. S td .  209, c l a s s  100 laboratory, as 
described by Farlow and Blanchard i n  t h e i r  Luster F l igh t  
report .  
throughout t he  transportatioh, f l i g h t ,  recovery, and 
analysis  of t he  sampling surfaces. 

The specimens were examined i n  our clean room labora tor ies  
only a few days a f t e r  r e t r i e v a l  of t he  capsule. All 
s tudies  were performed under conditions of minimized 
specimen contamination m d  rad ia t ion  damage by using 
electron microbeam illumination of very low i n t e n s i t y  and 
l i qu id  nitrogen cooling devices. T h i s  represents a 
s ign i f i can t  improvement over previous s tudies  , since 
hereby the  appreciable specimen heating e f f ec t s ,  frequently 
occurring i n  standard electron microscopy, could be 
considerably reduced, thus making it possible t o  detect  
c e r t a i n  e lectron sens i t ive  materials f o r  the  f i rs t  t i m e .  
Moreover, t he  special  l i q u i d  nitrogen t raps  surrounding 
the  specimen p rac t i ca l ly  eliminate the  serious addi t iona l  
contamination f rom organic vapors i n  the  microscope column, 
thereby enabling us t o  G o n s i s t p t l y  detect  any p a r t i c l e s  
i n  the  s i z e  range of 10A t o  2 0 A  cc l lec ted  on the  exceptionally 
smooth, carbon f i lm surfaces.  The improved resolut ion 
achieved i n  the  studies e f f ec t ive ly  enlarges the range of 
d i r e c t  visual izat ion,  not only of s ign i f icant  new specimen 
d e t a i l s  but a l s o ,  unfortunately, of many types of h i t h e r t o  
undetected contaminants. 

Thanks t o  the  kind ass i s tance  

Contamination cont ro l  was therefore  maintained 

In  keeping w i t h  the  rigorous c r i t e r i a  f o r  i den t i f i ca t ion  
uf PtiLi-t iCle origi~ .1esrrFhed by Farlow, Blanchard, and 
Ferry grea t  emphasis w a s  placed on thOrGugh evaluation 
of possible  sources of contamination. 
has been devoted t o  a systematic examination of represent- 
a t i v e  s e r i e s  of control  specimens from the  two high vacuum 
control  containers and from p a r a l l e l  laboratory reference 
specimens. 
e f f o r t  i 2  compiling what may eventually beccme a2 "Archive 
of submicroscopic contaminants" as an indispensaSle basis 
of reference f o r  monitoring the  effectiveness cf a 
comprehensive contamination cont ro l  progras. 

Par t icu lar  a t t en t ion  

We consider it worthwhile t o  expefid a major 

- 6 -  
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The results described in this report are based on 
careful examination of several thousand specimen areas, 
and evaluation of representative electron micrographs 
(recorded at electron optical magnifications of 
25Ox to ~O,OOOX), including the corresponding selected 
area electron diffraction patterns. This preliminary 
survey has involved the concerted effort of two 
independent electron microscope groups, working with 
different instruments in our laboratory, over a 
continuous period of six months. However, this study 
represents examination of only 20% of the platinum 
specimen holders exposed during the Luster Flight, and 
of the corresponding non-flight controls, and less than 
10% of the total available sampling surface area in 
our experiment. Obviously, therefore, much further work 
remains to be done before-final evaluation of the results 
can be attempted. 

Bearing in mind thnse important reservations, we believe 
that certain findings made in the course of this preliminary 
investigation are of significance, and appear to confirm 
and possibly extend the results of previous work in this 
field. 

A s  shown in the accompanying illustrations (Figs. ~1-~18), 
a number of characteristic particles have been found in 
the Luster specimens which are essentially similar to 
the three types of micrometeorite particles f i r s t  aescribed 
by Hemenway and Soberman (Astronomical Journal, 67, 256, 
1962). In agreement with the findings of these authors, 
most of the particles encountered are submicron in size 
(about 0.01p to 0.4~). However, with improved resolution 
we .were able to detect numerous particles measuring only 
50A to 100A,  and find indications of subunit structure in 
the larger particles, which also yield characteristic 
electron diffraction patterns. 

Application of low intensity microbeam illumination and 
specfrnez cgnlisg p e r m i t t e d  us to make the unexpected 
finding of an opaque electron-sensitive material which 
appears to coat many of the particles and ic volatilized 
or degraded by electron bombardment (Figs. L7-Ll5) often 
leaving a typical halo around the particles. 
resolution electron diffraction patterns with long period 
spacings recorded from this material (Figs. L7-Ll2) have 
features in common with certain organic compounds which 
are being further investigated. Although this electron- 

High 
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sensitive material has not yet been found in non-flight 
controls, considerable skepticism concerning its 
extraterrestrial origin is indicated until all possible 
sources of contamination can be eliminated. Nevertheless, 
if subsequent studies with improved methodology 
substantiate the existence of such volatile surface 
layers associated with certain types of meteor stream 
particles (e'g. cometary dust), it is interesting to 
speculate on the possibility that we may be dealing 
with characteristic organic compounds, or with (mixed) 
gas hydrates of organic compounds as first suggested by 
S. Miller (Proc. Nat. Acad. Sei, 47, 1798, 1961). - 
Finally, collateral electron microscopic and electron 
diffraction studies are being performed on samples of 
Canyon Diablo meteorites (kindly provided by Dr. E. Anders) 
and on other known samples of representative iron and 
stony meteorites. Examination of this material will 
provide a valuable reference standard designed to test 
and refine our techniquesrand otherwise supplement the 
current electron-optical investigations of micrometeoroid 
material collected by rocket payload. 

An important phase of this work is being carried out in 
close collaboration with Dr, Edward Anders, Dr. R.  Hayatsu 
of the Fermi Institute for Nuclear Studies, University of 
Cnicago, and Dr. 14. Studier of the Argonne National 
Laboratory. ~ i e s e  a-iltiioi-s ~r;a-;e reczntb; fcmic! (EFIW 65-115, 
1965) that iron and stony meteorites B.T? effective 
catalysts for a Fisher-Tropsch type reaction between carbon 
monoxide and hydrogen. In hydrogen-rich mixtures 
approaching cosmic composition, aliphatic and aromatic 
hydro-carbons are produced rapidly at temperatures between 
250 and 58~Pc. It would be of interest to establish 
by electron inicroscopy and diffraction if there is any 
similarity with certain electron-sensitive (presumably 
organic) components found in the collected micrometeoroid 
specimens. Preliminary experiments along these lines 
(Figs. E - 8 )  are described in the following report. 

- 8 -  
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EXPERIMENTAL METHODS 

Fl ight  Sampling Method: 

Full  d e t a i l s  of the  rocket payload and sampling instrumentation 
a r e  given i n  the comprehensive report  by N. H. Farlow, M. B. 
Blanchard, and G. V. Ferry (Preliminary Examination of Pa r t i c l e s  
col lected by the  Luster Sounding Rocket Experiment). The Luster 
micrometeoroid sampling instrument, i n  which our specimens were 
included as guest experimenters, w a s  ca r r ied  by an .Aerobee 150 
sounding rocket t o  an a l t i t u d e  of 145 kilometers during the  
November 15, 1965 Leonid meteor shower. The sampling instrument 
has a sealed enclosure which r i s e s ,  exposing the  a r m s  when 
the  programmed a l t i t u d e  has been reached (Figs .  1 , 2 ) .  Cleaned and 
pre-evacuated, sealed modules containing the sampling surfaces 
were in s t a l l ed  on the  instrument p r io r  t o  launching (Fig.  3) .  

A s  indicated i n  the  curve depicting time versus a l t i t u d e  data 
(Figure 3, AAAlO2-5 ,  Ames Research Center) f o r  the November 1965 
Luster Fl ight ,  t h e  instrument opened, on ascent,  a t  64 kilometers, 
and closed on descent a t  116 kilometers, exposing 1 square meter 
of sampling surface v e r t i c a l l y  and another square meter 
horizontal ly  f o r  200 seconds. The instrument w a s  parachuted t o  
ea r th  a f t e r  severence f r o m  the rocket. The vacuum-sealed modules 
containing the  samples were removed f rom the  instrument and taken 
t o  t h e  clean-room labora tory  f o r  analysis.  

A s  part of the extensive contamination control  program, we had 
arranged t o  expose, through the courtesy of Xr. WeLl Farlcw, m e  
of t he  spec ia l  u l t rah igh  vacuum containers a t  the  Ames Research 
Center clean room f a c i l i t y ,  and a second control  container at  the  
White Sands f a c i l i t y .  

Sampling Surfaces f o r  Electron Microscopy and Electron Diffraction: 

A s  shown i n  Figures 1-6, three basic types of sampling surfaces 
f o r  e lectron microscopy and d i f f rac t ion  were used: (a) Special ly  
designed s l ides  of polished and anodized aluminum, containing sev- 
e r a l  hundred platinum specimen holders coated w i t h  t h i n  (100-4OOA) 
films of cprhon s i l i c o n  monoxide and carbon on t h i n  formvar 
subs t ra tes ,  o r  s ingle-crystal  graphite,  o r  mica lamellae (Fernandez- 
Moran, J. Appl. Phys. 31, 1840, 1 9 6 0 ) ~  prepared by a spec ia l  cleavage 
technique. T h i s  p r o c e x r e  differed from previous experiments, i n  
which copper screens and formvar films coated w i t h  aluminum were 
used. Also, spec ia l  precautions were taken i n  our experimental 
s e r i e s  t o  use the chemically i n e r t ,  and mechanically more s t ab le ,  
platinum holders which are thoroughly cleaned by chemical treatment 
and by heating t o  incandescence i n  an ul t rahigh vacuum. e 

- 9  - 
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Throughout, t h e  smoother and more uniform carbon or s i l i c o n  
monoxide films (Figures C1, C2) were used. The t h i n  f i l m  subs t ra tes  
were prepared by evaporation o f  spectroscopically-pure c a r  on 
and/or carbon-silicon monoxide i n  an u l t rah igh  vacuum (10-8m-i Hg) 
produced i n  a Varian uni t  with an ion pump and a Linde molecular 
sorpt ion forepump with l iqu id  ni t rogen cold t rap .  Any p o s s i b i l i t y  
of contamination with o i l  vapors w a s  thereby eliminated. The films 
were s t r ipped off from the  f resh ly  cleaved mica on quartz d i s t i l l e d ,  
u l t r a f i l t e r e d  water (lOOA millipore f i l t e r s ) .  

Rigorous cleanl iness  precautions were observed throughout t h e  
s tud ies  i n  clean room electron microscope labora tor ies  spec ia l ly  
equipped with an a i r  conditioning system, containing Cambridge 
absolute f i l t e r s  which a r e  expressly designed t o  exclxde p a r t i c l e s  
l a r g e r  than 0.1~. The plat imm specimen holders of t he  multiple 
hole  and s l i t  types (Figures C - l ) ,  giving an unobstructed s l i t  
area of 1 x O.lmm, were firmly secured i n  the spec ia l  holders and 
could be individual ly  indexed f o r  examination. These platinum 
holders have proved t o  be t h e  most re l iable  and convenient type 
f o r  subsequent c r i t i c a l  high resolut ion,  low temperature e lec t ron  
mic r osc opy . 
( b )  Larger surfaces of m e c i a l l v  selected.  freshlv cleaved sinn:e- 

from previous e lec t rcn  microscopy worTc'to reDresent the 
smoothest (atomically smooth) and the- c leanest  surfaces avai lable ,  
provided that  cleavage i s  carr ied out under appropriately control led 
c lean  room conditions.  In  addition, t he  mica i s  not only chemically 

surfaces it i s  possible  t o  co l lec t  n o t  only supe r f i c i a l ly  adhering 
p a r t i c l e s  but a l s o  p a r t i c l e s  which have been impacted i n t o  the  
mica layers .  
observe rad ia t ion  damage and f i s s i o n  t racks by e lec t ron  microscopy 
i n  t h e  s ing le-crys ta l  mlcs s-dbstrates. 

( c )  P l a s t i c  sl ides of l u c i t e  or of epoxy mater ia ls  (75 x 25mm). 
The use of these s l i d e s  was prompted by the  in t e re s t ing  observations 
of C .  L. Hemenway and R .  K.  Soberman (Astronomical Journal, 67, 
p.  256, 1962). I n  t h e i r  report ,  Hemenway and Soberman indica te  
t h a t  "nicrometeoroid pzr f_ i c lpq  w p r e  found t o  be s u f f i c i e n t l y  
embedded i n  the  l u c i t e  t h a t  we were unable t o  remove them from 
t h e  substrate ."  
than  a f e w  microns, and herce, impenetrable t o  the  e lec t ron  beam, 
i t  w a s  necessary i n  t h e i r  experiments t o  bombard the micrometeoroid 
p a r t i c l e s  w i t h  an intense electron beam i n  order t o  evaporate the  
cons t i tuent  mater ia l  which then recondenses near the p a r t i c l e .  

I n  order t o  avoid t h i s  destructive mode o f  an%lysis,  we proposed 
t o  prepare ser ia l  u l t r a t h i n  sections (100-200A th ick)  of t he  

i n e r t ,  but extremely r e s i s t an t  t o  heating e f f ec t s .  --. with these 

There i s  also the p o s s i b i l i t y  of being able t o  

Since m o s t  o f  t he  embedded p a r t i c l e s  are l a rge r  

- 10 - 



NASA GRANT NsG 441-63 
ANNUAL PROGRESS REPORT 

H. Fernandez-Moran 
196 5- 1966 

particles embedded in the lucite by using the special diamond 
knife and ultramicrotome developed by Fernandez-Moran (Exptl. 
Cell Res. 5, 255, 1953). Although the plastic slides have been 
scanned an3 show indications of impacted particles, in this report 
we shall concentrate exclusively on a description of the results 
obtained in the examination of the platinum specimen holders with 
different types of thin film substrates. 

Electron Microscopy and Electron Diffraction: 

In contrast to previous experiments, we have taken special 
precautions to examine the specimens under conditions of minimum 
specimen damage and contamination. As shown in Figures C1-C2, 
all electron micrographs and electron diffraction patterns of 
both representative control specimens and of the Luster Flight 
specimens were first scanned and photographed at low magnifications 
(approximately 200x) under conditions of minimized specimen 
contamination and radiation damage by using electron microbeam 
illwinat' n of ver low intensity (image current density of 
about 10-l' to 
crystal pointed filaments in a special gun design developed in 
our laboratory. 

ams/sq.cm.) which was obtained with single- 

In addition, a liquid nitrogen specimen cold stage was used to 
serve both as an anticontamination and cooling device for protecting 
labile specimens from the heating effects of the electron beam. 
Under these controlled conditions, the contamination rates were 
reduced to well below .01-0.1A per second, as compared with rates 
of contamination of several A per second and irradiated areas of 
10 to low with possible temperature increases locally of several 
hundred degrees C. in conventional electron microscopes. 

0 

All of the electron microscope examinations were carried out by 
two independent groups working with different instruments. One 
group (H. Fernandez-Moran) worked with a Siemens Elmiskop IA fitted 
with specially stabilized power supplies and anticontamination 
devices. The oliher .group (M. Ohtsuki) used a Hitachi Hu-11A which 
was likewise fitted with viton gaskets, anticontamination devices, 
stabilized power supplies, and pointed filament sources. 

The electron microscope studies were carried out in a facility 

attainment of high resolution. The microscopes were provided 
with a highly regulated power supply (50  kilowatt motor generator 
set, specially designed and manufactured by Westinghouse Co., 
which is equipped with a new solid state regulator giving better 
than 0.1% voltage stability and very low harmonic distortion). 
The microscopes were mounted on vibration free foundations in 
clean room environments. The electron microscopes were used 
operating mainly at 80kv, but also at 100kV, 75kV, and 5OkV for 
selected specimens. 

--L* -I- - - - -  A - - *  + n  - n - w - n T + i r I n  n n + i m i i m  rnni i i f i  nnc. for rnn:fst.ent, 
W L L L L L L  w a a  u c 3 L e L L F . u  V U  ~ A U V A U -  -r---.-.- ------------ 
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The astigmatism of the objective lens  was 0 . 0 5 ~  o r  l e s s .  It i s  
important t o  point out t h a t  f o r  a l l  c r i t i c a l  work e lectron 
micrographs were recorded a t  e lectron op t i ca l  magnifications 
ranging f rom 200x t o  180,000~ on special  Kodak high de f in i t i on  
7Omm f i l m s  on a t h i n  polyester base. With t h i s  mater ia l ,  it w a s  
pDssible t o  record up t o  90 exposures continuously without 
breaking the vacuum. T h i s  was pa r t i cu la r ly  valuable i n  recording 
through-focal s e r i e s  of the  de l ica te  specimens and electron 
d i f f r ac t ion  pa t te rns  using the cold stages.  In  addition, Kodak 
high resolut ion p l a t e s ,  I l fo rd  N-40 and Geveart Sc ien t ia  23B 50 
p l a t e s  were used routinely.  

For a l l  c r i t i c a l  measurements, ca l ibra t ion  of the  microscope 
w a s  ca r r ied  out a t  t he  time of  recording the electron micrographs 
us in  a d i f f r ac t ion  grat ing rep l ica  (cross gra t ing  r ep l i ca  of 
54,884 l i n e s  per inch corresponding t o  2,160 l i n e s  per mil l imeter) .  
Additional checks on the ca l ibra t ion  were car r ied  out by combined 
e lec t ron  microscopy and electron d i f f r ac t ion  of selected single- 
c r y s t a l  gold and copper pthalocyanin of K2PtCl4 c rys t a l s .  

Measurements were car r ied  out d i r e c t l y  on the  p l a t e s  and films 
using an op t i ca l  comparator (Nikon Shadowgraph, 

control led temperature conditions ( 2 O O C ) .  The p r i n t s  were made 
from the  or ig ina l  p l a t e s  o r  from contact duplicates taking spec ia l  
precautions t o  eliminate aberrations,  using the  Durst S-45 enlarger 
w i t h  point source o r  w i t h  a mercury vapor lamp. 

p l a t e s  were developed w i t h  Agfa Rodinal, Kodak 

0 

The observations described here a r e  based on the evaluation of 
more than :,500 plates aiid flLis In whlzh average resolut ion 
of 5 t o  2 0 A  was cons is ten t ly  achieved. 
angle e lectron d i f f r ac t ion  pat terns  were taken w i t h  spec ia l  
attachments t o  both types of e lectron microscopes. The model 
experiments car r ied  out i n  c o l l a b o r a t i o n  w i t h  D r .  Anders and h i s  
assoc ia tes  a r e  described separately.  

The high resolut ion small- 
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RESULTS 

Electron Microscopy and Diffraction Studies of Control Specimens: 

Systematic examinations were made of representative series of 
control specimens from the two high vacuum control containers 
and from parallel laboratory reference specimens. The results 
described are based on careful examination of several thousand 
specimen areas and evaluation of several hundred representative 
electron micrographs (recorded at electron optical magnifications 
of 25Ox to 180,000~), including the corresponding selected area 
electron diffraction patterns. This study, however, represents 
only 20% of the platinum specimen holders exposed during the Luster 
Flight and of the corresponding non-flight controls, and less than 
10% of the total available sampling surface area in our experiment. 

Thin films of carbon-silicon-monoxide-coated formvar (ca. 200- 
book) were used to cover the slit aperture of platinum specimen 
holders (Fig. (2-1). These exceptionally stable and chemically inert 
specimen supports are superior to the standard copper specimen 
grids. They provide an unobstructed view of the entire slit 
area which was first scanned and photographed at low magnifications 
under conditions of minimized specimen contamination and radiation 
damage by using electron microbeam illuminati 
intensity (image current density of about lo-'' to 10- amps/cm2), 
and a liquid nitrogen specimen cold stage. 

of ver1210w 

The film substrates were prepared by 

ion pmp and s o r p t l o n  forcpmF x i t h  l i q i d  nitrggen c d d  trap, 
thus eliminating any possibility of contamination with oil vapors. 
The films were mounted on platinum holders (final cleaning was 
done by heating in a high vacuum) using quartz-distilled, ultra- 
filtered water and reagents of controlled purity. Each specimen 
holder was kept in an individual sealed micro-desiccator and 
provided with separate handling devices to eliminate any contact 
with the operatorls hands during the electron microscopy studies. 
The films showed a few "mica particles" which were introduced 
during stripping from the cleaved mica surface. These particles, 
which can be readily recognized by their characteristic images 

contaminants found in the control specimens. The film surfaces 
were extremely smooth, uniformly clean, and devoid of background 
structure and particularly free of any recognizable (organic) 
contaminants. Electron diffraction patterns which were recorded 
from these films consistently feature the concentric diffuse 
ring patterns characteristic of carbon-silicon-monoxide-formvar 
substrates. 

vaporation of pure carbon 
and/or C-Si0 in ultrahigh vacuum (10- 8 mm Hg) of Varian Unit wit&_ 

GZd Clzz t rGZ d i f f r az t i c r :  patte-I-*s, I r e  p r a c t i c a l l y  the mly 
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Electron micrographs of control t h i n  films of formvar coated 
w i t h  carbon and s i l i c o n  monoxide (Fig. C - 2 )  were taken from a 
la rge  s e r i e s  of p r i n t s ,  systematically recorded a t  higher e lectron 
op t i ca l  magnifications t o  map out &he e n t i r e  v i s i b l e  specimen fi lm 
area i n  each control  sample. 
smooth and consis tent ly  f r e e  from any recognizable pa r t i cu la t e  
o r  droplet  contaminants, especial ly  of the (organic) type 
frequently seen i n  the  exposed "Luster" specimens fea tur ing  a 
marked s e n s i t i v i t  t o  electron beam i r r ad ia t ion .  Except f o r  
occasional "holes' v i s i b l e  i n  t he  underlying formvar subs t ra te ,  
these films a r e  of exceptional uniformity and coherence. The 
holes were characterized by very clean margins which d i d  not 
show the  typ ica l  droplet  pat terns  commonly found i n  c e r t a i n  of 
t he  exposed Luster specimens. The micrographs were recorded 
w i t h  low in t ens i ty  microbeam il lumination and spec ia l  cold stage 
( l i q u i d  nitrogen, type Armbruster) under controlled conditions 
givigg a reduced contamination r a t e .  
de f in i t i on  f i l m  o r  on Kodalith photographic f i l m  permitted uninter-  
rupted recording of 70 t o  90 frames without breaking the high 
vacuum, thus fu r the r  reducing contamination problems. 

These f5lm surfaces were a l s o  very 

Exposures on 7Omm Kodak high 

Electron Microscopy and Diffraction Studies of Luster on-fl ight 
exposed Specimens : 

A. Micron-size dense pa r t i c l e s :  Dense i r r egu la r  p a r t i c l e s  found 

specimen holders, exposed during the  Luster F l i g h t ,  measure about 
10 x 15 microns and are  characterized by ragged edges (Fig. L-1).  
The p a r t i c l e s  a r e  completely opaque t o  e lectrons i n  the c e n t r a l  
regfon Cut reacted inmediately tc! a b e m  ~f higher 1nt.ensity. 
They seem t o  melt and shrink w i t h  ob l i t e r a t ion  of the  sharp contours. 
A s e r i e s  of concentric sharp r ings,  resembling some of t he  pa t te rns  
shown i n  Fig. M - 2 ,  were featured i n  selected-area electron d i f f rac-  
t i o n  pa t te rns .  However, only a few residual  r ings and intense 
spots  could be recorded from the  bombarded (and presumably 
r ec rys t a l l i zed  o r  modified) pa r t i c l e s .  
s i z e  a r e  r a re ,  since most dense p a r t i c l e s  encountered a r e  i n  the 
sub-micron range. 
any of the  controls.  
i s  a contaminant appears doubtful, it can not ye t  be excluded. 
More extensive invest igat ion i s  necessary before p a r t i c l e s  of t h i s  
type can be de f in i t e ly  Characterized ana t n e i r  probable o r - i g i r r  
es tabl ished.  

Electron micrographs were recorded (Fig.  L-2) showing changes 
produced by i r r a d i a t i o n  of the dense i r regular  p a r t i c l e s  which a re  
displayed i n  Fig. L-1. The cha rac t e r i s t i c  changes noted i n  
t h i s  group of micrographs occurred within a few seconds a f t e r  
sharply increasing the image current  density of the i l luminating 
e l ec t ron  microbeam. 

- 14 - 

on khin films of the  platinum 
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Dense p a r t i c l e s  of t h i s  

T h i s  type of p a r t i c l e  has not been detected i n  
Although the  p o s s i b i l i t y  that t h i s  p a r t i c l e  
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The area  adjacent t o  t he  pa r t i c l e ,  which already exhibited s igns 
of cracking and puncturing of the film, promptly ruptured, and 
the dense p a r t i c l e  began t o  "melt" o r  evaporate, during which a 
l i g h t  "halo" formed around t h e  p a r t i c l e .  
contours of the dense p a r t i c l e  are ob l i t e r a t ed  and it shrinks o r  
becomes markedly d is tor ted ,  f inal ly  t ea r ing  the underlying film. 
The core of the p a r t i c l e  appears t o  be qu i t e  re f rac tory  t o  
intense e lec t ron  bombardment and the t y p i c a l  evaporation and 
recondensation of t i n y  droplets described by C.  L. Hemenway 
and R. K. Soberman (Astronom. J. 67, 262, 1962) was not  observed# 

If more p a r t i c l e s  of t h i s  type can be found, i t  might be 
possible  t o  t r y  u l t r a t h i n  sectioning w i t h  the Moran-type diamond 
knife and ultramicrctome ( a f t e r  appropriate embedding) i n  order 
t o  obtain bet ter  preserved samples f o r  e lec t ron  microscopy and 
e l ec t ron  d i f f r a c t i o n  analysis.  

The jagged, angular 

- 

Spherical  dense p a r t i c l e s  of the s i z e  shown i n  Fig.  L-18 (ca.  
diameter) were seldom encountered. 
moderate i n t e n s i t y  part of the material evaporated and recondensed 
around the  large p a r t i c l e ,  forming co l le2 t ions  of minute spher ica l  
o r  polygonal p a r t i c l e s  (ca. 100 t o  2,000A diameter),  Electron 
d i f f r a c t i o n  pa t te rns  recorded from these areas e x h i b i t  cha rac t e r i s t i c  
sharp r ing  patterns w i t h  spacings very s i m i l a r  t o  those obtained 
from Canyon Diablo meteorite p a r t i c l e s  and a l s o  t o  t h e  d i f f r ac t ion  
patterns obtained f r G m  micrometeorite p a r t i c l e s  described by 
Hemenway and Soberman. They might correspond pa r t i cu la r ly  t o  the 
Fe-NI a l loys  ( taeni te  and k m a c i t e )  and exhib i t  c e r t a i n  electron- 
o p t i c a l  phenomena (e -g . ,  Lorentz def lect ions which are character-  

small-angle pa t te rns  w i t h  spacings of 12-17i were noted and are 
being f u r t h e r  investigated. 

lop 
Under e lec t ron  bombardment of 

0 

istic -43  l t l l  43-?..-&..--,-,-- ulLla611ctiz nztcrials) In addi t ion ,  charsc t ,e r i s t ic  

B. Dense "Fluffy" Par t ic les :  Aggregated p a r t i c l e s  of a dense 

(Fig.  L-3). 
and I t  f l u f f y '  nature  were examined 

T h i s  very i r r egu la r  type i s  seen t o  consis t  a t  
higher magnification of numerous dense and l i g h t  p a r t i c l e s ,  about 
0.3 t o  3 microns, associated w i t h  an amorphous d i f fuse  material 
which seems t o  envelop the  pa r t i c l e s ,  forming a loose  aggregate. 
T h e  p a r t i c l e s  resemble, i n  some respects ,  the  "f luffy" micro- 
meteorites f i r s t  described ( F i g .  10, p .  259-260) by Hemenway and 
Soberman. The amorphous m a t e r i a l  i s  quite sens i t ive  io iuLeI-ise 
e l ec t ron  bombardment and e i ther  evaporates away o r  transforms i n t o  
f r o t h y  complexes (See Figs .  L-13  t o  L-15). Some of the  adjacent 
th in  c r y s t a l l i n e  lamellae a r e  undoubtedly mica contaminants, but 
the  t y p i c a l  assoc ia t ion  w i t h  t h i s  amorphous material has not been 
found i n  the  controls .  

C .  Submicroscopic Pa r t i c l e s :  Conglomerates of submicroscopic 

w e r e  examined (Fig.  L-4 t o  L-8) and found t o  occur frequently i n  
dense p a r t i c l e s  (ca. 0.02~ t o  0,2p) 0 
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various states of aggregation a t  the  edges of cha rac t e r i s t i c  
t e a r s  and fissures i n  the formvar-carbon films which a r e  otherwise 
r e s i s t a n t .  These unusual t ea r s ,  which run transversely across 
the  r i g i d  platinum s l i t s  an$ are  often interrupted by ac tua l  "holes" 
punched through the 400-500A th i ck  films, a r e  i n  themselves noteworthy, 
s ince they were never found in  the  controls .  These- tears  a r e  unlike 
any other type of accidental  f i lm ruptures,  and they a r e  invariably 
associated w i t h  p a r t i c l e s  and amorphous, e lectron-sensi t ive mater ia l  
(note thickened edges coated w i t h  t h i s  component in  Fig. L-4). 
Moreover, since each specimen g r id  was checked with t he  l i g h t  
microscope and the  i n t e g r i t y  of the film w a s  recorded photograph- 
i c a l l y ,  p r i o r  t o  t r ans fe r  t o  t h e  u l t rah igh  vacuum containers- 
(Figs. 1-6) ,  the  t y p i c a l  ruptures occurring i n  nnly a l imited 
number of particle-containing specimen supports must be regarded 
as s igni f icant  evidence i n  support of e x t r a t e r r e s t r i a l  or igin.  The 
appearance of "flapped holes" of d i f f e ren t  s izes  i s  a l s o  consis tent  
w i t h  t he  assumption t h a t  w e  are dealing w i t h  low-velocity co l l i s ions ,  
as w a s  f i rs t  suggested by Hemenway and Soberman (p.  260). Larger 
dense p a r t i c l e s  a r e  l e s s  frequently found a t  the edges of holes. 

Submicroscopic dense pa r t i c l e s  (about 0 . 5 ~  t o  0,8p diameter) were 

of p a r t i c l e  i s  a l s o  found singly,  sca t te red  over c e r t a i n  f i lm  areas,  
but usual ly  near a cratered region o r  not far  from other  p a r t i c u l a t e  
aggregates. It i s  generally possible t o  dis t inguish between 

c lose  associat ion w i t h  the amorphous mater ia l  which, i n  many ways, 
resembles-the organic l i p i d  o r  hydro-carbon coating found regular ly  
i n  e lectron microscopic studies of p a r t i c l e s  prepared from such 
BlyrSt€liiS. 

2 

surrounded by a ? ?  h a l o '  of amorphous material (Fig. L-5). This type 

electron dense" p a r t i c l e s  , and " l igh t  p a r t i c l e s  , I t  but  both share t h e  11 

Further analysis  by select ive ex t rac t ion  w i t h  organic solvents,  o r  
vacuum-distillation under controlled conditions, can not be 
adequately car r ied  out on t h e  formvar-carbon films of these 
specimen holders. However, this&pproach i s  qui te  f eas ib l e  when 
dealing w i t h  specimens collected on f r e sh ly  cleaved mica surfaces.  
Experiments along these l ines  are envisaged i n  attempts t o  obtain 
addi t iona l  information.on the nature  of t h i s  amorphous component. 

Electron micrographs were also taken of i r r egu la r  dense p a r t i c l e s  
shadowed w i t h  a t h i n  layer  of carbon t o  provide a protect ive 
coating against  the  e f f e c t s  of  intense o r  moderate e iec i run  
bombardment. 
of t he  p a r t i c l e  configuration and displays some of the  surface 
f ea tu res  which a r e  usual ly  obscured (Fig. L-6). T h i s  type of 
p a r t i c l e  exhib i t s  a fragmented layered s t ruc ture .  
somewhat similar t o  these have been found i n  the '!White Sands" 
con t ro l  s e r i e s ,  and they a l so  resemble c lay  p a r t i c l e s ,  it i s  
t e n t a t i v e l y  assumed t h a t  a t  l e a s t  some of these p a r t i c l e s  a re  
t e r r e s t r i a l  contaminants. However, fur ther  s tudies  a r e  required 

T h i s  method also imparts a three-dimensional view 

Since p a r t i c l e s  
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t o  d i f f e r e n t i a t e  between t m e  contaminants and possible " s i l i c a t e "  
e x t r a t e r r e s t r i a l  p a r t i c l e s  which might have been col lected i n  the  
course of the  Luster experiment, 

The type of p a r t i c l e  complex shown i n  Fig.  L-7 i s  very similar 
t o  t he  minute p a r t i c l e  systems found around the edges sf film 
f i s s u r e s  and holes. A dist inguishing fea ture  of the complex, 
which w a s  observed qui te  frequently, i s  the abundance of the  
amorphous mater ia l  and extensive degree of cispersion of the 
embedded dense FartiGles measuring only 200A i n  the lower s i z e  
range t o  about 5,OOOA f o r  %he l a rge r  pa r t i cu la t e  components., 
The preponderance of the amorphous mater ia l  sometimes obscures 
the  boundaries of the individual const i tuent  p a r t i c l e s  and gives 
the  impression that we a re  dealing w i t h  much l a rge r  p a r t i c l e s .  
Patches of t h i s  mater ia l  are exountered i n  about one t h i r d  of 
a l l  specimen holders examined i n  cur preliminary survey. 
these patches a re  pa r t i cu la r ly  prominent i n  films w i t h  holes and 
f i s s u r e s ,  indicat ing t h a t  t h e  p a r t i c l e  complexes might possibly 
be the  "debris" o r  fragmented remnants of l a rge r  impinging 
p a r t i c l e s .  This p a r t i c l e  cornplex can only be detected i n  the 
form shown i n  Fig. L-7 i f  special  precautions a r e  taken t o  
reduce electron bombardment. Contamination e f f ec t s  must a l s o  
be considerably reduced and the specimen protected during 
observation i n  the e lec t rcn  microscope by using l i qu id  nitrogen 
specimen cooling devices 

However, 

The t y p i c a l  associat ion cf the dense amorphous mater ia l  w i t h  the  
extremely s m a l l  (minute pa r t i c l e s  only l O O A  i n  diameter a r e  
predominant i n  mazy areas)  dense p a r t i c l e s  i s  shown i n  Fig.  L-8. 
Selected-area e lec t rcn  d i f f r ac t ion  pa t te rns  showed a pa t t e rn  D f  
concentric sharp rings w i t h  d i s x e t e  spot pa t te rns  ascribed t o  
the  ( c r y s t a l l i n e )  pa r t i cu la t e  compment.s. Precise measurements a re  
ncw being car r ied  o u t  3 3  these d i f f r ac t ion  pa t te rns  and attempts 
w i l l  be made t o  determine t h e  l a t t i c e  parameters of the  d i f f r ac t ing  
materpal. 
ca. 8 A  t o  l 7 A )  caE a l s a  be recor2ed under appropriate conditions 
from these specimen areas ,  

Asymmetric p a r t i c l e s  w i t h  dense ccre  and l i g h t  coat a r e  found 
s ing ly  o r  aggregated a t  the edges of t e a r s  and f i s su res  i n  the  
formvar-carbon films (Fig. L-13). 19 addition, cha rac t e r i s t i c  
r;;~,tures sf tk;z z a r h , ~ ~  f i l m  ( C E "  &OCA thLck) qre ?resent. which 

Aocharac te r l s t ic  srnhll-angle pa t te rn  ( r e f l ec t ions  of 

appear t o  correspond clcsely ' t o  the s i lhouet te  of* ragged i r r egu la r  
p a r t i c l e s .  These ruptures,  which were never found i n  the  controls 
and occur i n  only a l imited rimiber of par t ic le-containing "Luster" 
specimen supports, a r e  consistent w i t h  the  assumption that w e  a r e  
deal ing w i t h  e x t r a t e r r e s t r i a l  p a r t i c l e s  ,impinging on the t h i n  
specimen films a t  r e l a t i v e l y  I c w  veloci ty .  

The asymmetric dense pa r t i c l e s  shcwrl i n  F ig .  L-14 often fea ture  
a rounded tlnose-cone" conf igna t ion  which may be re la ted  t o  t h e i r  
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mode of impingement on the  r e s i s t an t  t h i n  specimen substrates .  
These p a r t i c l e s  of about 0.1~ t o  0 . 5 ~  a r e  frequently encountered 
i n  many of the "Luster" specimens. 
not yet been detected i n  the control  specimens. 

D. Submicroscopic "Droplets" and Electron Sensi t ive Amorphous 

cha rac t e r i s t i c  pa t te rns  of minute (ca.  200A t o  0 . 3 ~  diameter7 
droplets  (Fig. L-9) which a r e  commonly found i n  d i r ec t  associat ion 
w i t h  the  amorphous (organic?) mater ia l  condensed i n  i r r egu la r  
patches along c e r t a i n  areas of the  specimen films. The droplets  
a r e  extremely sens i t ive  t o  electron bombardment, and they can 
only be photographed i n  the form shown i n  Fig. L-9 by using 
microbeam il lumination of  low in t ens i ty  and liquid-nitrogen, 
specimen anti-contamination devices. Many of the l a rge r  droplets  
i n  Fig. L-9 had already evaporated o r  collapsed i n t o  a pale  foamy 
network under the beam. Droplets of t h i s  kind have h i t h e r t o  not  
been found i n  an 
observed i n  the  'Luster" specimens. 

a 
Par t i c l e s  of t h i s  type have 

Material: Electron micrographs and electron d i f f r ac t ion  
pa t te rns  of dense submicrosGopic droplets d i s  l a y  

of the controls,  but a r e  instead frequently 

Although the probabi l i ty  o f  a spurious contaminant i s  being 
ser ious ly  considered, no s igni f icant  supporting evidence f o r  
contamination has ye t  been found. Possible contamination sources 
include organic contaminants derived from the  rocket system i t s e l f  , 
o r  of other  contaminants +mpinging on the exposed surfaces during 
t h e  f l igh t .  
small-angle d i f f r ac t ion  p a t t e r n s  were found i n  selected-area 
e lec t ron  d i f f r ac t ion  pat terns .  

A s e r i e s  of diffuse concentric rings and typ ica l  

KLectron micrographs an6 e i ec  i i . u r i  diffraction patterris from 
areas  of dense submicroscopic droplets  showed the individual la rge  
droplets  (Fig. L-10) t o  remain well preserved before the onset of 
the  moderately higher electron image density which i s  normally 
required t o  c l e a r l y  visual ize  the  sFecimen on the  fluorescent 
screen, A s l i g h t  increase i n  e lectron bombardment suf f ices  t o  
completely modify the  dense dropTets which a re  e i t h e r  vo la t i l i zed  
o r  blown up i n t o  a foamy aggregate. 

Corresponding selected-area electron d i f f r ac t ion  pa t te rns  were 
very d i f f i c u l t  t o  record because the r e i u i s i t e  focusing of the 
microbeam on the droplets almost immediately ob l i t e r a t e s  the  
pa t t e rn .  Taking spec ia l  precautions, however, a few useful  
small-angle pa t te rns  were obtained and a r e  current ly  being 
evaluated . 
Certain areas  which contain the typ ica l  i n t a c t  dense submicroscopic 
drople t s  were masked o f f  s o  t ha t  d i f f r ac t ion  pa t te rns  could be 
recorded from these s i t e s  only (Fig.  L-11). Corresponding selected 
a rea  high resolut ion (small-angl?) pa t te rns  feature  a number 
of r e f l ec t ions  i n  the range of 7 A  'to about 18~. 0 However, these 
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pat te rns  a r e  s t i l l  not consis tent ly  reproducible and fur ther  
improvements i n  recording techniques, with specimen cooling 
down t o  -180°, combined w i t h  image i n t e n s i f i e r s  of the Haine- 
Komoda type, w i l l  be r e w i r e d  i n  order t o  obtain r e l i a b l e  data 
on thjs important component. When the  pecul ia r  amoq$~ous mater ia l  
i s  found ( e i the r  i n  droplet  f o r m  o r  as a coating) i n  close 
a'ssociation w i t h  p a r t i c u l a t e  components ( c r y s t a l l i n e  o r  amorphous) 
it becomes possible t o  s a t i s f a c t o r i l y  record electron d i f f r ac t ion  
pa t te rns  using the  underlying c r y s t a l l i n e  d i f f r ac t ion  pa t te rns  as a 
usefu l  guide in  al igning the system f o r  recording small-angle 
pa t te rns .  As shown i n  Fig. L-12, micrographs of the masked 
p a r t i c l e s ,  surrounded by the  amorphous mater ia l ,  and the corresponding 
selected-area, high resolution (small-angle) d i f f r ac t ion  pa t te rns  
a r e  being recorded and evaluated from a number of representative 
areas .  I n  addi t ion t o  the  s ingle-crystal  d i f f r ac t ion  pa t te rns  
(probably f rom mica f lakes)  there a r e  a s e r i e s  of diffuGe rings and 
re f lec t ions  close t o  the cent ra l  beam i n  t h e  range of  7 A  t o  about 18A. 
Somewhat similar pa t t e rns  were obtained from various cycl ic  (e.g., 
choles te ro l )  and e l ipha t i c  (e.g., paraf f ins ,  f a t t y  acids ,  e t c . )  
compounds. 

Attempts a r e  cur ren t ly  underway t o  i den t i fy  the  amorphous mater ia l  
by combined se l ec t ive  extraction experiments (e.g. ,  w i t h  l i p i d  
solvents)  and, pa r t i cu la r ly ,  by de ta i led  comparison of these 
e lec t ron  d i f f r ac t ion  pat terns  w i t h  the  pa t te rns  of the known 
a l i p h a t i c  and aromatic hydro-carbons. 
by D r .  E. Anders, R. Hayatsu, and M. H. Studier  a t  the  University 
of Chicago and Argonne Nat iona l  Laboratory, through aFischer- 
Tropsch type react ion between carbon monoxide and hydrogen using 
irm and s t m y  meteorit.es as effective ca ta lys t s .  

These a r e  being produced 

The type of p a r t i c l e  shown i n  Fig. L-15 fea tures  a dense core 
surrounded by a coating of amorphous mater ia l  which i s  very 
sens i t i ve  t o  the e f f e c t s  of  electron-bean i r r ad ia t ion .  There 
a r e  a l s o  smaller p a r t i c l e s  which appear t o  cons is t  e n t i r e l y  of 
t h i s  e l e c t  ron-sensit ive material. After electron -beam Bombardment 
they expand i n t o  cha rac t e r i s t i c  "foamy" s t ruc tures .  

The cha rac t e r i s t i c  electron-sensit ive mater ia l  shown i n  Fig. L-16 
more c lose ly  resembles the " d r o ~ l e t s "  and amorphous mater ia l  
found frequently i n  the "Luster specimens. When these areas  
were examined w i t h  micro-beam i i i u r n i r i a i i u r i  uf low Ii i tei isl ty,  
using a l i qu id  nitrogen cooling device, the dense droplets 
were r e l a t i v e l y  wel l  preserved. However, upon s l i g h t  increase 
of t h e  electron-beam in tens i ty ,  the &oplets immediately v o l a t i l i z e  
and tu rn  i n t o  typ ica l  "foamy" s t ruc tures .  T h i s  material ,  occurring 
most often at the  edges o f  fenestrat ions i n  the carbon-formvar 
f i l m ,  has not been detected i n  the correspoTding control  specimens. 

- 18a - 



NASA GRANT NsG 441-63 
ANNUAL PROGRESS REPORT 

H. Fernandez-Moran 
1965-1966 

Col la te ra l  Model Experiments on Known Samples of Representative 
Iron and Stony Meteorites: AS p a r t  of a comprehensive research 

program, these s tudies  a i m  a t  
applying and t e s t i n g  the same e lec t ron  microscopic and d i f f r ac t ion  
techniques t o  known samples of representat ive i r o n  and stony 
meteorites. Electron micrographs and electron d i f f r ac t ion  pa t te rns  
were taken of p a r t i c l e s  from the Canyon Diablo meteorite, kindly 
supplied by D r .  E. Anders..Examination of t h i s  mater ia l  w i l l  
provide a reference standard f o r  p a r a l l e l  experiments designed 
t o  supplement thd current e lectron-opt ical  invest igat ions of 
micrometeoroid and other e x t r a t e r r e s t r i a l  mater ia l  col lected by 
the  rocket payload. 

*' 

An i w o r t a n t  phase of t h i s  work i s  being car r ied  out i n  c lose  
col laborat ion w k t h  D r .  Edward Anders, R. Hayatsu, of the Enrico 
Fermi' I n s t i t u t e  f o r  Nuclear Studies, University of Chicago, and 
D r .  Martin Studier of  t h e  Argonne National Laboratory. These 
authors have recent ly  found (P.I . ,  65-115, 1965) tha t  i r o n  and 
stony meteorites a r e  e f fec t ive  c a t a l y s t s  f o r  a Fischer-Tropsch 
type react ion between carbon monoxide and hydrogen. I n  hydrogen- 
r i c h  mixtures approaching cosmic composition, a l ipha t i c  and 
aromatic hydrocarbons a r e  produced rapidly a t  temperature between 
2 5 O  and 580Oc. 
microscopy and d i f f r ac t ion  i f  t he re  i s  any s imi l a r i t y  w i t h  c e r t a i n  
(presuma,bly organic) components found i n  the col lected micrometeoroid 
specimens. , Recondensed material  appeared near the p a r t i c l e s  fol low- 
ing e lec t ron  bombardment (Fig.  M - 1 ) .  Typical e lectron d i f f r a c t i o n  
pa t t e rns  recorded from these areas  may correspond mainly t o  the  
Fe-Ni a l loys  ( t a e n i t e  and kamacite). 

Electron micrographs and selected-area electron d i f f r ac t ion  pa t t e rns  
were taken of p a r t i c l e s  from the Canyon Diablo metemite ,  a f t e r  
ac t ing  as c a t a l y s t s  f o r  a Fischer-Tropsch type reaction between 
carbon monoxide and hydrogen. I n  the  collaborative experiments, 
ground Canyon Diablo meteorite powder w a s  reacted w i t h  C-H-0 mixtures 
i n  a quartz tube a t  250-580°C, yielding a l ipha t i c  and aromatic 
hydro-carbons. 
were prepared according t o  the surface-film technique on a clean 
water surface,and the specimens were picked up on an u l t r a t h i n  (50A) 
carbon f i lm f o r  e lectron microscopy. 
containing metal l ic  pa r t i c l e s ,  numerous regions of the  specimens 
f ea tu re  i l g n t  j c rys t a i i i ne  j i s y e r s  cUate6 w i t i i  ~ i io i -~ i - i~ i i s  l l ia ter ia l  
which vo la t i l i zed  under the e l  c t ron beam. Selected-area d i f f r ac -  
t i o n  pa t te rns  from such areas ?Fig. M - 2 )  exhibi t  pa t te rns  of sharp 
r ings  and t y p i c a l  small-angle pa t te rns  which a r e  being fu r the r  
invest igated.  

It would b e  of i n t e r e s t  t o  e s t ab l i sh  by electron 

a 

Minute quant i t ies  of t he  reacted meteorite powder 

I n  addition t o  areas  

Examined areas  of t h i s  meteorite material ,  as pictured i n  Fig.  M-3,  
f ea tured  conglomerates of f i ne  f i lamentis  metal l ic  p a r t i c l e s  a (whiskers?) associated w i t h  corrugated t h i n  films. Selected-area 
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d i f f r ac t ion  pa t te rns  from such areas exhibi t  a cha rac t e r i s t i c  
pa t t e rn  of sharp r ings and small-angle pa t te rns  which a r e  being 
fu r the r  investigated.  
correlated w i t h  oxidized material impregnated w i t h  r e l a t i v e l y  
non-volati le hydro-carbcns. 

These pa t te rns  might possibly be 

The same specimen shown i n  Fig. M-3 w a s  examined a t  higher 
magnifications by high resolution selected-area d i f f r ac t ion  
p a t t e r n  w i t h  c e n t r a l  beam s t o p  (Fig. M-br).. These experiments 
i l l u s t r a t e  the  unique advantages of  correlated electron microscopy 
and electron d i f f r ac t ion  studies f o r  d i r ec t  v i sua l iza t ion  of 
the  react ion products on submicroscopic micrometeorite p a r t i c l e s  
under controlled condi t iom. 

High resolut ion electron micrographs, along w i t h  selected-area 
e lec t ron  d i f f r ac t ion  pat terns ,  were a l s o  taken of evaporated 
t h i n  films of the Canyon 3 i a b l o  meteorite as a cont ro l  f o r  the  
reacted specimens shown i n  Figs. M-6 t o  M-8. 
were a l s o  car r ied  out i n  collaboration w i t h  Dr. Anders, R. Hayatsu, 
and Dr. M. Studier.  The me eo r i t e  powder w a s  f i r s t  evaporated 
i n  an u l t rah igh  vacuum (lO-'m H g )  on f r e sh ly  cleaved mica, thus 
providing an i d e a l  surface f o r  subsequent e lectron microscopy 
s tudies .  The t h i n  f i l m  was then reacted w i t h  C-H-0 mixtures i n  
a quartz tube a t  450° t o  9 0 G o C . ,  yielding cha rac t e r i s t i c  a l ipha t i c  
and aromatic hydrocarbonsn The electron micrograph i n  Fig.  M - 5  
shows typ ica l  pa r t i cu la t e  a2d  po lycrys ta l l ine  s t ruc tures  yielding 
d i s t i n c t i v e  d i f f r ac t ion  p a t t e r n s  which serve as a reference 
standard f o r  the reacted m a t e r i a l .  Typical desposits (organic 
material) appeared cn the  p l y c r y s t a l l i n e  t h i n  f i lm (Ni-Fe) i n  
Fig.  M-6. ~ l a r a c t e r i i 3 t i c  r e s d u t f c n  selected-area elect.ron 
d i f f r a c t i o n  pa t te rns  recorded from these reacted areas a r e  being 
fu r the r  invest igated i3 aE attempt t o  i den t i fy  some O f  the  
c h a r a c t e r i s t i c  a l ipha t i c  arid aromatic hydro-carbons known t c  
r e s u l t  from t h i s  reaction. 

These experiments 

The cha rac t e r i s t i c  high resolution dark f i e l d  micrcgraphs (Fig.  M - 8 1 ,  
recorded w i t h  oblique micrcbeam il lumination, a r e  expected t o  
y i e l d  importa3t addi t iona l  information on the  organic components 
of f i lm.  

F. Exploratory experiments w i t h  11 flash-shadowing 11 techniques t o  
determine t h e  f e a s i b i l i t y  of "in-Tlignt ': snaaow cast ing uf 
col lected specimens: These exploratory experiments a re  current ly  

being car r ied  out i n  attempts t o  improve 
e x i s t i n g  techniques f o r  the  co l lec t ion  and iden t i f i ca t ion  of 
e x t r a t e r r e s t i r a l  matter. Electron micrographs were taken (Fig. E-1) 
of spher ica l  l a t ex  p a r t i c l e s  and adjacent c lay  p a r t i c l e s  which 
were 
techniques e 

"flash-shadowed" w i t h  tungsten, using 11 exploding wire" 
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If it were possible t o  coat incoming p a r t i c l e s  w i t h  a metal 
11 shadowing" layer  a t  the  ins tan t  of exposing the  co l lec t ing  
surfaces of the sampling instrument, then we would have 
ac tua l ly  obtained a r e l i a b l e  "submic roscopic snapshot" of t he  
p a r t i c l e ,  including a three-dimensional molecular r ep l i ca  o r  l'moldll 
f o r  subsequent e lectron microscope examination. 
would not only l a b e l  the  p a r t i c l e  as " e x t r a t e r r e s t r i a l  but 
c l e a r l y  dis t inguish it f r o m  any other contaminating mater ia l  
(which could have been previously marked by pre- f l igh t  shadowing 
w i t h  another metal) .  

This xrocedure 

I n  addition, l a b i l e  components could presumably be encased and 
t h e i r  surface r ep l i ca  f a i t h f u l l y  preserved before they d is in tegra te  
o r  melt. Based on previous work w i t h  similar techniques, we 
a r e  using very t h i n  tungsten, i r i d i u m  o r  palladium wire (1-4 m i l  pf) 
placed close t o  the  col lect ing surface of f r e sh ly  cleaved mica. 
When a b r i e f  current pulse, tr iggered by a micro-switch (using 
simple miniature condenser discharge supply o r  s m a l l  f l a s h l i g h t  
b a t t e r i e s ) ,  i s  passed through the  wire, it w i l l  v o l a t i l i z e  
instantaneously, re leasing enough metal vapor t o  give sharp shadows 
(even i n  a poor vacuum of a few microns). 
s t a b i l i t y  of these deposi ts  are superior t o  standard aTuminum 
shadowing. 

Resolution and 

The l a t e x  p a r t i c l e s  have a diameter of  268A. 
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DISCUSSION 

I n  e v a l u a t i n g  the r e s u l t s  of t h i s  prel iminary examination, the 
numerous p o s s i b i l i t i e s  of contaminat ing sources  must be care- 
fully considered as has a l r eady  been stated by N.  H. Farlow, 
M. B. Blanchard and G .  V.  Fe r ry  of Ames Research C e n t e r  i n  t he i r  
comprehensive r e p o r t .  However, i t  should a l s o  be po in ted  ou t  
that the exemplary c h a r a c t e r  o f  the p r e c a u t i o n s  t a k e n  by the 
Ames group insures achievement of a cleanl iness  l e v e l  which i s  
considered t o  be unexce l led  f o r  t h i s  type of experiment.  

It i s  against  t h i s  background that  ou r  own experiments were 
designed and carr ied out  under c o n d i t i o n s  of minimized specimen 
contaminat ion and r a d i a t i o n  damage which have h i t h e r t o  not  been 
a t t a i n e d  i n  p rev ious  i n v e s t i g a t i o n s .  Thus, t h e  use of  p la t inum 
h o l d e r s  i n s t e a d  o f  the usual copper specimen g r ids ,  the c o l l e c t -  
i n g  s u r f a c e s  of carbon f i l m s  p repared  i n  a n  ultra-high vacuum, 
and the subsequent p recau t ions  t a k e n  du r ing  the  a c t u a l  e l e c t r o n  
microscopic  examinat ion,  a r e  a l l  s i g n i f i c a n t  f a c t o r s  i n  e v a l u a t -  
i n g  the v a l i d i t y  of t h e s e  p re l imina ry  f i n d i n g s .  I n  a d d i t i o n ,  
the higher r e s o l u t i o n  inhe ren t  i n  our experimental  des ign  was 
a c t u a l l y  r e a l i z e d  i n  the cour se  o f  a n  e x t e n s i v e  examination of 
specimens ( r e p r e s e n t i n g  about 20% of  t he  t o t a l  areas a v a i l a b l e  
t o  us) carried out by two i n d e p e n d e n t  e l e c t r o n  microscope 
groups .  Moreover, t h e  combined a p p l i c a t i o n  of e l e c t r o n  
microscopy w i t h  high r e s o l u t i o n  e l e c t r o n  d i f f r a c t i o n  of  the  
same specimen areas extends the range and accuracy of o u r  
malg t ica l  t echn iques .  

0 

For  example, I n  o u r  experiment w e  were able  t o  record  e l e c t r o n  
microgr  phs permi t t ing  s t o  d e t e c t  pa r t i c l e s  i n  t he  s i z e  range 
from 10!-208 up t o  1000 '$ . I n  the  p r e l i m i n a r y  e l e c t r o n  micro- 
scope examination r epor t ed  by N .  H. Farlow, M .  Blanchard,  and 
G .  D. F e r r y  ("Sampling the Leonid Meteor Stream wi th  a Luster 
Sounding Rocket ,"COSPAR paper) i t  i s  stated that  " f i f teen  
e l e c t r o n  microscope g r i d s  from f l i g h t  and c o n t r o l  s l i d e s  were 
examined a t  a magn i f i ca t ion  of  1,500 t i m e s  t o  d e t e c t  a l l  
par t ic les  larger t h a n  0.1 micron .I1 Under these c o n d i t i o n s  , 
t h e r e f o r e ,  i t  would hardly have been p o s g i b l e  t o  detect  c lear ly  
the large number o f  sub-microscopic (1OOw-1uOOA a lame te r )  
pa r t i c l e s  which are abundant i n  o u r  own specimens. T h i s  
s i g n i f i c a n t  d i f f e r e n c e  i n  l e v e l  of  r e s o l u t i o n  and i n  minimized 
contaminat ion c o n d i t i o n s  dur ing  the a c t u a l  e l e c t r o n  microscopic  
examinat ion must b e  borne i n  mind when cons ide r ing  the  s ta tement  
that "every p a r t i c l e  shape observed on f l i g h t  -exposed surfaces , 
except one,  was duplicated by p a r t i c l e s  on t h e  n o n f l i g h t  

0 - -  

rn c o n t r o l l e d  surface .I1 0 
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I n  our  c a s e ,  a l though w e  have observed i n  t h e  d u p l i c a t e  con- 
t r o l s  (bo th  White Sand and t h e  L u s t e r  Controls)  a l a r g e  number 
of contaminat ing p a r t i c l e s  of' u n i d e n t i f i e d  o r i g i n ,  these were 
c l e a r l y  d i f f e r e n t  from the  p a r t i c l e s  i d e n t i f i e d  i n  the Luster 
f l i g h t  exposed s u r f a c e s  when s t u d i e d  at  the higher r e s o l u t i o n s  
a v a i l a b l e  t o  u s .  

Never the less ,  the  r igorous  c r i t e r i a  e s t a b l i s h e d  by the  Ames 
Research group a r e  considered t o  be a d e f i n i t e  s t a n d a r d  of 
r e f e r e n c e  f o r  eva lua t ion  of  a l l  work i n  t h i s  f i e l d .  Thus, 
while w e  are i n c l i n e d  t o  share  t he  skept ic i sm which e x i s t s  
concerning the extra-terrestrial  o r i g i n  of many of these par t i -  
c l e s ,  w e  wish t o  q u a l i f y  the a p p l i c a t i o n  of these c r i t e r i a  
w i t h i n  the framework o f  the inhe ren t  methodological  l i m i t a t i o n s  
( such  as specimen s u b s t r a t e ,  e l e c t r o n  o p t i c a l  r e s o l u t i o n ,  and 
mod i f i ca t ions  during e l e c t r o n  microscopic  examinat ion,  e t c . ) .  

It i s  not general ly  r e a l i z e d  that  t h e  combined a p p l i c a t i o n  of 
high r e s o l u t i o n  e l e c t r o n  microscopy and e l e c t r o n  d i f f r a c t i o n  
i s  p a r t i c u l a r l y  a p p l i c a b l e  t o  the  s tudy o t h e  ype of sub- 
microscopic  p a r t i c l e s  i n  t h e  range of 100 S h  -1000 which a r e  
most  abundant i n  t h i s  type  of specimen. For example, by 
means of s e l e c t e d  area e l e c t r o n  d i f f r a c t i o n  i t  should b e  
p o s s i b l e  t o  i d e n t i f y  p a r t i c l e s  o f  t h i s  s i z e  i n  a p r e c i s e  and 
re l iab le  fash ion  ( i . e . ,  comparison of e l e c t r o n  d i f f r a c t i o n  
pa t t e rns  w i t h  known p a t t e r n s ,  de te rmina t ion  of c r y s t a l l o g r a p h i c  
l a t t i c e  parameters ,  e t c  .) . Therefore ,  the  e l e c t r o n  o p t i c a l  
examination i n  t h i s  case  carries over  i n t o  a range of spatial  
r e s o l u t i o n  and chemical i d e n t i f i c a t i o n  which i s  not a c c e s s i b l e  
a t  p re sen t  t o  the  microprobe and  X-ray a n a l y t i c a l  t echniques .  

With these r e s e r v a t i o n s  i n  mind, and c l e a r l y  aware of  t h e  
i n d i s p e n s i b l e  need f o r  f u r t h e r  work, the  r e s u l t s  achieved so  
far are i n  gene ra l  agreement w i t h  the  r e s u l t s  r epor t ed  pre- 
viously bv Hemenway and Soberman (Astronomical J o u r n a l  , 67,  
256, 1962) . 
there  are d e f i r , i t e  i n d i c a t i o n s  of the  presence of p a r t i c l e s  i n  
the micron and p a r t i c u l a r l y  sub-micron s i z e  which are c l o s e l y  
similar bo th  as regards  the e l e c t r o n  microscopical  appearance 
and t h e  corresponding s e l e c t e d  area d i f f r a c t i o n  pat terns  t o  
t h o s e  descr ibed  by Hemenway and Soberman. There i s  a c l o s e  
s i m i l a r i t y  of  the  p a r t i c l e s  and t h e  corresponding d i f f r a c t i o n  
p a t t e r n s  wi th  those  observed from Canyon Diablo m e t e o r i t e s  
( e  .g., compare F i g s .  L-18 w i t h  M - 1 )  . Although eva lua t ion  
of t h e s e  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s  i s  s t i l l  being c a r r i e d  
o u t ,  the  p re l imina ry  r e s u l t s  are very sugges t ive  that w e  a r e  
dealliig ~ l t h  Iren-r,fc!cel z l l ~ y ~  (t8.pni t ;e  and  kamacite) . I n  
a d d i t i o n ,  the presence o f  c h a r a c t e r i s t i c  e l e c t r o n  o p t i c a l  
phenomena ( e . g . ,  Lorentz  d e f l e c t i o n s  and imaging of magnetic 
domains by a p p r o p r i a t e  e l e c t r o n  o p t i c a l  arrangements) i n d i c a t e s  
that w e  are d e a l i n g  w i t h  ferromagnet ic  components. These 
obse rva t ions  and c o l l a t e r a l  e l e c t r o n  d i f f r a c t i o n  studies are 
u s e f u l  i n  he lp ing  t o  d i f f e r e n t i a t e  t h e s e  p a r t i c l e s  f rom o ther  
components h a v i n g  s i m i l a r  d i f f r a c t i o n  p a t t e r n s .  It i s  considered 

a 

A s  shown i n  t h e  corresponding e l e c t r o n  m i c r ~ r a a p h s  , 
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u n l i k e l y  that par t ic les  having the c h a r a c t e r i s t i c  shape and 
e l e c t r o n  d i f f r a c t i o n  pa t te rns  of t h i s  type could result  from 
contaminat ion i n  the  cour se  o f  the experiment .  The numerous 
c h a r a c t e r i s t i c  "ruptures" (F ig .  L-13) which were never  found 
i n  the c o n t r o l s  and which i n  f a c t  cannot b e  duplicated by any 
known c o n t r o l l e d  experimental  m o d i f i c a t i o n s ,  are c o n s i s t e n t  
w i t h  the assumption that w e  a r e  dea l ing  w i t h  the e f fec t  o f  extra- 
te r res t r ia l  p a r t i c l e s  impinging on the  t h i n  specimen films and 
modifying them i n  a character is t ic  f a s h i o n .  

a 

The s a l i e n t  obse rva t ion  is the  c h a r a c t e r i s t i c  abundance of  
submicroscopic p a r t i c l e s .  S i m i l a r  pa r t i c l e s  i n  the s i z e  range 
o f  a f e w  hundred Angstroms had a l r e a d y  been r epor t ed  by 
Hemenway and Soberman. However, with o u r  improvad r e s o l u t i o n  
and the use of  the extremely smooth carbon s u b s t r a t e  w e  have 
been able t o  c o n s i s t e n t l y  d t ec t  p a r t i c l e s  which are cons ide rab ly  

found i n  t he  on - f l i gh t  s u r f a c e s ,  and was d i s t i n c t l y  d i f f e r e n t  
from o t h e r  t y p e s  of  random aggregates of  sub-micron s i z e  
pa r t i c l e s  which were observed i n  a few of  t h e  c o n t r o l s .  

Whe 

c lus te rs  o f  on ly  a f e w  hundred atoms. I f  subsequent experiments 
conf i rm the existance o f  large numbers of these submicroscopic 
dense  p a r t i c l e s ,  presumably mainly o f  meta l l ic  o r i g i n ,  then 
these obse rva t ions  may be of s i g n i f i c a n c e  i n  connect ion w i t h  the 
r e c e n t  data on the "sporadic  E" layers assumed t o  be composed 
e n t i r e l y  of meta l l ic  i o n s  as r epor t ed  by R .  S . Narcisi , 
A .  B. Bai ley,  and L .  Della-Lucca of the A i r  Force Cambridge 
Research L a b o r a t o r i e s ,  Bedford ,  Massachusetts, a t  the r e c e n t  
Seventh Annual Space Science Symposium i n  Vienna, Austria. 
Rocket sampling o f  two layers o f  the s p o r a d i c  E r eg ions  showed 
them t o  be composed of  the p o s i t i v e  i o n s  o f  i r o n ,  magnesium, 
calcium, and nfzkel, a l l  metals fnund  i n  m e t e o r i t e s .  It i s  
conce ivable  that the sampling surfaces exposed i n  o u r  rocke t  
experiment could have c o l l e c t e d  c l u s t e r s  o f  t h  se  i ns  which 
would presumably show up i n  the form o f  the 10 H i  -100 dense 
submicroscopic p a r t i c l e s .  

smaller (1008 down t o  20-40 i! ) .  

100 tt , w e  must bear i n  m i n d  that w e  are a c t u a l l y  v i s u a l i z i n g  

Th i s  type o f  pa r t i c l e  was only  

d e a l i n g  w i t h  p a r t i c l e s  of  t h i s  s i z e ,  measuring on ly  208 t o  

The i n t e r e s t i n g  and unexpected f i n d i n g  of an  opaque e l e c t r o n  
s e n s i t i v e  material which appears  t o  coa t  many of the dense 
submicroscopic p a r t i c l e s  i s  pr imar i ly  a r e s u l t  of the a p p l i c a t i o n ,  
f o r  the f irst  t i m e  i n  our  experiments,  of l ow- in t ens i ty  micro- 
beam i l l u m i n a t i o n  and specimen coo l ing .  Although these f i n d i n g s  
are very p r e l i m i n a r y  and sub jec t  t o  a number o f  u n c e r t a i n t i e s ,  
i t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  on t h e  pussibllfty t ha t  wc may 
be  d e a l i n g  wi th  c e r t a i n  c h a r a c t e r i s t i c  o rgan ic  compounds of t he  
type descr ibed by Anders ,  Hayatsu, and Studier  i n  t h e i r  r e c e n t  
experiments .  E.  Anders, R .  Hayatsu of  t h e  Fermi I n s t i t u t e  f o r  
Nuclear Studies,  Un ive r s i ty  o f  Chicago, and M .  Studier  of  the 
Argonne Na t iona l  Labora to r i e s  have recent ly  found that i r o n  and 
s t o n y  m e t e r o r i t e s  are e f f e c t i v e  c a t a l y s t s  f o r  a Fisher-Tropsch-type 
r e a c t i o n  between carbon monoxide and hydrogen. I n  hydrogen-rich 
m i x t u r e s  approaching cosmic composi t ion,  a l i p h a t i c  and a romat ic  a 
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hygrocarbon8 are produced rapidly a t  temperatures between 
25 and 580 C .  I n  a series o f  preliminary experiments which 
w e  a r e  carrying out i n  collaboration w i t h  these authors,  w e  
have been t ry ing  t o  es tab l i sh  by combined electron microscopy 
and d i f f r ac t ion  i f  t he re  i s  indeed a similarity between cer- 
t a i n  of the  presumably organic components found i n  t h e  
col lected micro-metereorite specimens and these organic com- 
pounds. 
c l e s  and the  ionizing conditions present i n  the f r inges  of the 
ear th 's  atmosphere, t h i s  p o s s i b i l i t y  i s  a very a t t r a c t i v e  
working hypothesis f o r  future  experiments. 

~ 

Considering the small s i z e  of the micrometeroid par t i -  

Another i n t e re s t ing  poss ib i l i t y  which must be  considered i n  
the  i n t e r  r e t a t ion  of such l ab i l e  components i s  the existence 

Miller spec i f i ca l ly  pointed out that  hydrates of a i r  may b e  
formed i n  t h e  high clouds of the  earth e i t h e r  from metastable 
i c e  o r  super-cooled water. It i s  a l s o  relevant t o  r e c a l l  i n  
t h i s  connection that  the sampling experiments of nocti lucent 
cloud p a r t i c l e s  carr ied o u t  by Hemenway, Soberman, W i t t ,  e t  a l ,  
(Tel lus ,  XVI,84, 1964) i n d i c a t e d  that "a s igni f icant  f r ac t ion  
of the  cloud p a r t i c l e s  appears t o  have been coated w i t h  
t e r res t r ia l  i c e .  " 

of (mixed P gas hydrates o f  organic compounds as first 
by S .  Mil ler  ( N a t ' l .  Academy of Sciences, 47, 1798, 

Perhaps the  most s ign i f icant  conclusion that can be drawn a t  
the  present t i m e  from a l l  of these preliminary observations 
i s  the man i fe s t  need f o r  a considerable improvement and re f ine-  
ment o f  our methodology f o r  co l lec t ing  and i d e n t i f y i n g  extra-  
terrestrial  p a r t i c l e s  . 
I n  p a r t i c u l a r ,  t he re  i s  a pressing need f o r  some r e l i a b l e  
procedure of " i n - f l i g h t  shadow casting' '  of col lected speci-  
mens which would permit u s  to examine l a b i l e  specimens such 
as electron sens i t i ve  organic compounds o r  nydrates a t  the moment 
of impact on the  surfaces ,  preserving t h e i r  cha rac t e r i s t i c  
f ea tu re s  upon re-entry.  I n  t h i s  way, l ab i l e  components could 
presumably be encased and t h e i r  surface rep l icas  f a i th fu l ly  
be  preserved before they d i s in t eg ra t e  o r  melt .  

Promising exploratory experiments (F ig .  E-1) are current ly  i n  
progress f o r  in - f l igh t  shadow cast ing using an  exploding wire 
technique. 
poss ib le  t o  coat incoming p a r t i c l e s  w i t h  a metal shadowing layer 
a t  the in s t an t  of exposing the co l lec t ing  surfaces of the 
s m p l i ~ g  i n s t r v s e n t .  = We could hereby ac tua l ly  obtain a r e l i a b l e  
submicroscopic snapshot of the p a r t i c l e ,  including a three- 
dimensional molecular repl ica  f o r  subsequent e lectron microscopic 
examination. 
i n  l a b e l l i n g  the p a r t i c l e  c lear ly  as e x t r a - t e r r e s t r i a l  and thus 
dis t inguishing i t  f r o m  any other contaminating material. It i s  
believed that these and related approaches w i l l  become essent ia l  
f o r  a l l  fu tu re  experiments o f  t h i s  type i n  view o f  t he  extra- 
o rd ina r i ly  complex and manifold sources of contamination which 
make the  in t e rp re t a t ion  of present r e s u l t s  so uncertain.  

These experiments i nd ica t e  that i t  i s  i n  p r inc ip le  

T h i s  procedure would b e  of pa r t i cu la r  importance 
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Another area which deserves fur ther  exploration i s  the  
non-destructive study o f  t he  l a r g e r  p a r t i c l e s .  T h i s  could 
be accomplished e i t h e r  by ul t ra- thin sectioning w i t h  a diamond 
knife  and  ultramicrotome, o r  perhaps even b e t t e r  by using the 
greater penetrating power of high voltage electron micro- 
scopes which permits the  examination o f  metal specimens a f e w  
microns i n  thickness.  A combination of high-voltage microscopy 
and e lectron d i f f r ac t ion  with X-ray absorption microspectra 
microscopy ( A .  Engstroem, et a l ,  and Lundberg, Exptl. C e l l  
Research, 12 ,  198, 19%) are  among the numerous promising 
approachesworthwhile considering f o r  future  work. 
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B. Continuation of Correlated Electron Microscopic 
and Electron Diffraction Studies of Certain Met- 
eorites and of Pre-Cambrian Organized Systems. 

1. Investigation of Orgueil Carbonaceous Chondrite. 

We have been arranging t o  continue electron microscopic 
and electron diffraction studies of certain meteorites 
(Orgueil carbonaceous chondrite) carried o u t  with 
Dr. Edward Anders and Dr. Frank Fitch of the University 
of Chicagoe 
the composktion and structural relationships of its 
constituents can be determined by the high resolving 
power of the electron microscope. 
techniques are being applied under carefully controlled 
conditions. These techniques include ultrathin 
sectioning with a diamond knife, mechanical and 
selective chemical dissociation, followed by density 
gradient separation, negative staining, shadow- 
casting, etc. The ultrastructural data will be 
correlated with parallel chemical studies of organic 
constituents and with the results of selected area 
electron diffraction analysis. 

Preliminary experiments indicate that 

Various preparation 

2. Investigation of Pre-Cambrian Rocks of Gunflint 
Chert Formation of Southern Ontario, Canada. 

We are also arranging to continue electron microscopical 
studies ~f Pre-zambrisn 3rgar;ized systems. Prelimfnary 
investigations of nonferruginous cherts of the Gunf3.Int 
formation of southern Ontario were carried out by elec- 
tron microscopy in collaboration with Dr. Edward Anders 
and Dr, Fitch. 
Wisconsin and Dr. Barghoorn of Harvard University have 
reported (Science, V o l .  - 118, Pa 606, 1954) the occur- 
rente of primitive lower plants in these Pre-Cambrian 
rocks,  which are the oldest (about two billion years) 
structurally preserved organisms that clearly exhibit 
cellular differentiation. Electron microscopy reveals 
the presence of filaments, tubular structures and 
membranes of apparent organic origin, 

These studies are of great interest in the evolutionary 
scheme of primitive life, since they may furnish insight 
into the molecular organization of the oldest known 
preserved living systems, bearing also on the evolution 
of membrane ultrastructure. 

Dr. S. A, Tyler of the University of 

Electron micrographs of these studies were reproduced 
- rg - 
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in the 1965 McGraw-Hill Yearbook of Science and 
Technology under the section entitled, "Photo- 
graphic Highlights" p. 86. 

Preliminary experiments were successfully carried 
out for the first time with a simple electron micro- 
scope which can be used for transmission electron 
microscopy and electron diffraction, using high- 
field superconducting solenoid lenses in an open-air- 
core @ liquid helium Dewar, preferably operating in 
the persistent current mode. 

In a series of controlled, reproducible experiments, 
electron microscopic images have been recorded of test 
specimens with accelerating potentials of 4-8 kV, using 
a niobium-zirconium solenoid without pole pieces, oper- 
ating at 32.2 kilogauss in the persistent current mode, 

These first experiments have demonstrated over a period 
of 4-8 hours of continuous operation the exceptional 
stability of the images and their relatively high qual- 
ity at magnifications of 50 to 100 X. This work was 
reported in a paper entitled "Electron Microscopy with 
High-Field Superconducting Solenoid Lenses" in Pro- 
ceedings of the National Academy of Sciences, Vol =# 

No. 2,445-451, Feb. 1965. 

C. Continuation of Experimental Program in Electron Micro- 
scopy Using High-field Superconducting Solenoid Lenses. 

The key t o  understanding the functional properties of 
subunit structure of membranes is the direct visuai- 
ization of their fine structure at the highest attainable 
level of resolution with the electron microscope, 
paration artifacts and instrumental limitations have 
previously hindered reliable examinatio? of membrane 
ultrastructure below the level of 2O-3OA, 

Pre- 

We have, therefore, continued systematic application 
of improved instrumentation and preparation techniques 
for the study of extraterrestrial matter and cell 
membranes by high resolution electron microscopy, 

The main problems t o  overcome for attainment of the 
ultimate theoretical resolution of 2A are the correc- 
tion of lens aberrations, stabilization of lens 
excitation current, and accellerating of voltage. 
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Further experiments were carried out with various 
types of electron microscopes using high-field super- 
conducting solenoid lenses and accelerating voltages 
of 50,000 volts. This work was reported at the 
National Academy of Sciences meeting, April, 1965, 
and appeared as an abstract in Science, V o l .  148 
No. 3670, entitled "Electron Microscopy: Application 
of High-Field Superconducting Solenoid Lenses" 
These experiments served t o  confirm the exceptional 
stability of the images and their high quality 
under carefully controlled conditions. 

-8  

Other instrumental advances have been made with 
coherent microbeam illumination, using pointed 
filaments and improved electron gun design. These 
improvements have made it possible to observe 
directly the structural detail in uraniq-stained 
specimens with a point resolution ofa2.8A, as 
compared with previous values of 4-6~. 

With these present advances in the generation of 
stable superconducting electro-magnetic fields and 
low-temperature electron microscopy, it is conceivable 
that the contemplated design of high-resolution cryo- 
electron microscopes immersed in a liquid helium 
cryostat using superconducting electro-magnetic lenses 
and related types of miniaturized electron microscope 
systems, may find direct application in the examina- 
tion in situ of lunar and planetary matter by electron 
o p t i c a l  tecbrzQues, In view of the high vacuum and 
low-temperatures already available in outer space such 
a cryo-electron microscope could be miniaturized. By 
being of smaller size and invested with a far greater 
resolving pow r (2OO8to 1,000 X with useful magnifi- 

as well as the fact that the image can be directly 
transmitted by appropriate vidicon television and 
telemetering techniques, it would permit a greater range 
of applications and thus supplement and extend the 
presently contemplated automatic light microscope 
system f o r  use on a planet. 

cations of 10 5 to 10 S) than a light microscope, 

- 2 1  - 



NASA GRANT NsG 441-63 
ANNUAL PROGRESS REPORT 

1965-1966 
H Fernhdez-Mor& 

Preliminary experiments have b--n made u ing 
superconducting lenses in combination with pointed 
filament sources which appear promising for recording 
holograms according to the Gabor diffraction micro- 
scopy and wave reconstruction principle (D, Gabor, 
Proc, Roy. SOC., London A 197, 454, 1949) = .  Although 
there are still numerous experimental difficulties, 
the results obtained with these experiments and the 
observations on imaging phenomena with superconducting 
solenoid lenses are providing essential data for the 
design of new types of miniaturized cryo-electron mic- 
roscopes immersed in a liquid helium cryostat and of 
a separate superconducting solenoid objective lens with 
appropriate pole pieces and stigmators which may be 
used in conjunction with modern high resolution 
electron microscopes to replace the objective lens. 

We have proceeded with the development of a special 
liquid helium Cold Stage for experimental work with 
superconducting lenses o f  special design. This stage 
would fit into our  present high-resolution microscopes 
(Hitachi 11-B and Siemens Elmiskop I & 11) and would 
permit us t o  t r y  out  systematically different types of 
pole piece design. 

We are particularly interested in experimenting with 
pole pieces of the rare-earth metals like Dysprosium, 
Holmium,,and Erbium which become strongly ferromagnetic 
below 16”, Dysprosium has a higher saturation value 
(at about 40 kilogauss) at llquid helium temperatures 
than iron (saturation at about 23-25 kilogauss). By 
using suitably designed objective lens pole pieces of 
dysprosium instead of the standard iron pole pieces, 
it should thus be possible to obtain stronger objective 
lenses of much shorter focal length and generally 
improved characteristics,. in addition to the much higher 
stability of super-conducting lenses when operating 
in the persistent current mode. 

- 2 2  - 
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Dysprosium is now commercially avai lable ,  and we 
have already established contact w i t h  D r .  John Hulm 
and D r .  Stanley Autler of the  Cryogenics Systems 
Department o f  Westinghouse t o  try t o  obtain these 
materials.  I n  f a c t ,  w e  an t i c ipa t e  a f r u i t f u l  
col laborat ion with t h i s  research group which has 
pioneered i n  the f i e l d  of superconductivity and 
superconducting magnets, and t h i s  goal i s  gradually 
becoming feasible .  

When the basic  charac te r i s t ics  and the ant ic ipated 
superior  performance o f  superconducting object ive 
lenses  f o r  high resolut ion electron microscopy have 
been c lear ly  established through these indispensable 
exploratory invest igat ions,  we sha l l  proceed t o  
develop the  other  components of the miniaturized 
cryoelectron microscope. 

Our work on t h e  development of the cryo-electron 
microscope has resul ted i n  a jo in t  e f f o r t  w i t h  the  
A. D. L i t t l e  Company which promises t o  be f r u i t f u l o  
Based on our e a r l i e r  work w i t h  Prof, Samuel Collins,  
former Professor Emeritus of MIT and now consultant 
w i t h  A ,  D, L i t t l e ,  w e  have been working on the design 
and operation o f  a closed c i r c u i t  l iqu id  helium 
cryostat ,  This machine, designed f o r  continuous 
unattended operation, i s  i d e a l  f o r  supplying the  
cryogenic re f r igera t ion  required t o  cool a super- 
conducting device 

If t h i s  closed cycle ADL CRYODYNE-(R) Helium L i q u l f i e r  
i s  successful,  a highly prof i tab le  arrangement w i l l  
thus be made available,  not only t o  our project  
t o  e lectron microscopists and other  groups who have 
need of a continuous l i q u i d  helium ref r igera t ion  
without vibrations.  The convenience of t h i s  device 
becomes obvious when one compares the resent weekly 
cost  f o r  100 l i t e rs  of helium, around P 700, w i t h  
the  estimated $30 per  week i n  operating costs  w i t h  
the  new CRYODYNE-( R )  

but 

- 2 3  - 
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D. Investigations of Macromolecular Oraanization of 
Hemocyanins and Apohemocganins, 

Investigation of the macromolecular organization 
of hemocyanins was carried out in collaboration 
with Dr. Ernst van Bruggen, an International 
Postdoctoral Fellow of the National Institutes of 
Health. 
applied t o  these studies in combination with a 
variety of techniques. 
electron microscopy, negative staining, examination 
with coherent microbeam illumination, and high 
resolution shadowcasting. 

High resolution electron microscopy was 

Included were low-temperature 

Detailed elucidation of the macromolecular organ- 
ization of the hernocyanins, the important oxygen- 
transporting blood proteins, at a level of resolution 
close to their quaternary structure, and the novel 
experimental approaches jointly undertaken with Dr. 
van Bruggen, are of direct relevance t o  our under- 
standing of multienzyme complexes and membrane 
organization in general. 

The joint studies are described in detail in the 
following papers which have been accepted for pub- 
lication in the Journal of Molecular Biology, l6, 
p. 191, March, 1966. 

Macromolecular Organization of Hemocyanins and Apo- 
hemocyanins as Revealed by Electron Microscopy. 

1. E. Pern6ndez-Moran, 0 E.F,.J. v m  R m i g g e n t  M. Ohtsuki, 

Comparative electron microscopic studies of the 
structural organization of representative hemocyanins 
and apohemocyanins from Mollusca and Arthropoda are 
described. Helix pomatia, Busgcon canaliculatum, 
and Loligo pealei were chosen as examples of the 
Mollusca; Homams americanus and Limulus polyphemus 
represented the Arthropoda. Mollusca hemocyaGins 
are cylindrical molecul$s (diameter about 3 4 O A ,  

12 rows of subunits. 
from a cubic monomer (lO5A) in various stages of organ- 
ization which is species dependent. Mollusca hemocyanins 
are distinctly different from Arthropoda hemocyanins, 
although they seem to be built from analogous subunits. 
Observations indicating the possible presence of certain 
constituents specifically localized in the core of the 
Mollusca hemocyanins are discussed. 

height ranging from 14uA - I .  ,. t u  WOUH) r n , P  \ b u i l t  up fi%iii 3 t o  
Artlpopoda hemocyanins are built 
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2.  

A d i f fe ren t ia ted  outer  layer  i s  regular ly  found 
around the  hemocyanin and apohemocyanin molecules 
of Mollusca. It i s  not known whether these s t ruc-  
t u re s  a r e  ac tua l  components of the  na t ive  molecules 
o r  a r e  determined by the  preparation techniques. 
Their possible  presence can have s ign i f i can t  blological  
implications. Reproducible differences between hemo- 
cyanins and apohemocyanins were observed only i n  the 
Mollusca and under ce r t a in  conditions. High resolut ion 
electron microscovv using improved preparation techni- 
ques and instrumentation (coherent microbeam il lumination) 
revealed new s t ruc tu ra l  d e t a i l s  i n  the  molecules c lose 
t o  quaternary levels .  The r e s u l t s  a r e  discussed i n  
r e l a t i o n  t o  the ava i lab le  biochemical and biophysical 
data on these highly organized macromolecular complexes. 

E. F. J. van Bruggen, H. Fernhdez-Mor&, 
Reassociation of Hemocyanins from Subunit Mixtures. 

The dissociat ion and reassociat ion react ions of hemo- 
cyanin mixtures were studied by electron microscopy. 
The experiments were done respectively w i t h  a mixture 
of Helix pomatia and Loligo 
belonging t o  phylum Mollusca +- and w i t h  a mixture 

e a l e i  hemocyanin (both 

of Helix pomatia ( a  Mollusc) and Limulus polyphemus 
(an Arthropod) hemocyanins. After reassociat ion 
many o f  the  o r ig ina l  molecular s t ruc tures  are  ob- 
served together  with a ce r t a in  amount of smaller and 
i r r e g u l a r l y  aggregated material  _. 
these spec i  fi c reassociation react ions between hemo- 
cyanin subunits from di f fe ren t  c lasses  and from 
d i f f e ren t  phylwns i s  discussed. 

The importance of 

-~ 

bacter ia  E and animal c e l l s .  

1. The electron microscopic and biochemical character- 
i z a t i o n  of Fraction I pro te in ,  carr ied ou t  i n  

importance, because t h i s  pro te in  w i t h  enzymatic 
a c t i v i t y  comprises by weight a t  l e a s t  59 percent of 
the soluble proteins  of chloroplasts.  It represents 
the  f irst  occasion upon whdch the substructure of a 
pro te in  enzyme o f  only 120A diameter has been re- 
solved by electron microscopy. 

coiiaboration w i i i l  Era. Eateikopii, is of payt-c.~lsie 
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This work i s  reported i n  the  following paper 
which appeared i n  Science, V o l .  150, pp. 1598, 
December 1965: R. Haselkorn, H. =&dez-Mor&n, 
F. J. Kieras, and E .F . J .  van Bruggen, Electron 
Microscopic and Biochemical Characterization of 
Fraction I Protein. 

High resolut ion electron micrographs of Fraction I 
Protein from Chinese cabbage leaves have been 
obtained. The protein,  which has ribulose 1, 
5-diphosphate carboxylase act;vity, appears t o  be 
a cube with edge of about 120A. Substructure can 
be seen i n  individual p a r t i c l e s ,  consistent with 
a model having 24 subunits, the  number prescribed 
by the avai lable  physical and chemical data. This 
i s  the  f irst  occasion upon whicb the  substructure 
of a protein enzyme of only 120A diameter has been 
resolved by electron microscopy. 

2 .  I n  collaboration w i t h  A , J . E .  C o l v i l l  and E .F . J .  van 
Bruggen, the  physical propert ies  of a DNA Dependent 
RNA polymerase from E. c o l i  were studied. High resolut ion 
electron micrographs-of E. c o l i  RNA polymerase, 
r e l a t i v e l y  f r e e  of nucleyc acid,  have been obtained. 
The 18s and 25s species of polymerase appear t o  be 
one and t w o  hexagonal d i scs ,  respectively.  A smaller, 
four-subunit square s t ruc ture  w a s  a l s o  observed. 

In  collaboration w i t h  H. Manor, E.F.J. van Bruggen, 
and R.  Haselkorn, investigations were made of methionine 
relaxed p a r t i c l e s  from E. c o l i .  The ribonucleoprotein 
p a r t i c l e s  t h a t  accumulaTe =Escherichia c o l i  K22 ~6 
when starved f o r  methionine have been examined i n  
the electron microscope. They appear t o  be heterogeneous, 
without well-defined substructure. Well-defined 
p a r t i c l e s ,  probably RNA polymerase, a r e  a major 
contaminant of the  preparations.  

F. ExDerimental Work with Pointed Filaments. 

We have continued experiments on improved electron 
sources using pointed filaments of oriented single- 
c r y s t a l  tungsten, tantalum, rhenium, and niobium t i p s  
i n  new types of molybdenum cathode caps with replaceable 
t h i n  molybdenum f o i l  aperture (O.5mm $) E These po in t  
cathodes used with double-condenser system provide 
s tab le  microbeam il lumination of high specif ic  
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-1 brightness (5-l0.x lo5  A sterad. ) ,  small spot 
size, low velocity spread, and high coherence. 
Optimum design parameters for microbeam illumination, 
which are now being implemented as part of our 
comprehensive research program in high resolution, 
low- t emperatur e electron mic rose op y , include T-F 
emission in a molybdenum gun operating in ultrahigh 
vacuum. 

This work was carried out in collaboration with 
Dr. Keiji Yada, a visiting professor from Tohoku 
University in Japan. After special work on tantalum 
pointed filaments, he succeeded in resolving the lattice 
spacing of (200) planes in NaCl crystals, measuring 
2.8158 by direct axial illumination. 

G. Special Biological Systems for Research Program in 
Low-Temnerature Electron MicroscoDv. 

1. Experimentation with Perognathus longimembris 
(Docket mice). 

At the suggestion of D r .  George Jacobs and through the 
courtesy of Dr. R. Lindberg, Northrop Space Labs, 
Hawthorne, California, we have acquired pocket mice 
to begkn experimentation in eo-ordination with our low- 
temperature electron microscopic studies of the 
Nervous System. 

2. Experimentation with Artemia (shrimp) eggs. 
Also at the suggestion of Dr. George Jacobs and through 
the courtesy of Dr. H. Morowitz, Department of Molecular 
Biology and Biophysics, Yale University, we have acquired 
Artemia eggs which will be included in the low-temperature 
electron microscopic studies of the Nervous System. 

H. Preparation of Atlas: "Elements of Biomolecular Organ- 
ization. " 

i am preparing a monograpii-aiias erii i  Lied "EI.eiiieiitS of 
Biomolecular Organization" which describes salient features 
of the molecular organization of virus structures, multi- 
enzyme complexes, and particularly, cell membranes and 
their derivatives. The atlas is being published by Springer- 
Verlag in Heidelberg, Germany and will appear first in 
English, followed by German and Spanish editions. This atlas 
is the only one of its kind at present and it should 
elicit the interest of biologists, physicists, chemists. 
It is a welcome opportunity to acquaint the broader 
scientific community with the work in our laboratory. 

- 27 - 
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Organiza,,on and Operation of the Spec,al Electron 
Microscope Laboratories i n  the Department of Biophysics, 
The University o f  Chicago. 

With funds provided by The University of Chicago, 
NASA Grant (NsG 441-63), N I H  Grants (B-2460, NB-04267, 
GM-13243), and AEC Grants (AT 30-1-2278, AT 11-1 1344), 
a special  laboratory f a c i l i t y  f o r  high resolut ion 
electron microscopy has been completed and put i n to  
operation i n  the Research I n s t i t u t e s .  These laborator ies  
occupy a t o t a l  of about 4,000 square f e e t  and comprise: 

A. 2,500 square f e e t  o f  remodeled space i n  the basement 
with i n s t a l l a t i o n  of  special  f loors ,  w a l l  p a r t i t i o n s ,  
ce i l i ng  panels, air conditioning of the type used i n  

These laborator ies  a re  equipped with three electron 
microscopes with attached electron diffrackkon units. 
The f a c i l i t i e s  include ultra-high vacuum (Varian) 
evaporation u n i t s ,  four ultramicrotomes, l i g h t  micro- 
scopes, and complete preparation and photographic 
darkroom f a c i l i t i e s .  A l l  of the c r i t i c a l  equipment 
has been i n s t a l l e d  on individual v ibra t ion  control  
mountings of special  design. Corresponding precautions 
were taken i n  the  instal la t ion of non-magnetic s t a i n l e s s  
s t e e l  v i n t i l a t i o n  ducts, incandescent l i g h t s ,  and 
e l e c t r i c a l  conduit t o  minimize e l e c t r i c a l  and magnetic 
perturbations.  

clean rooms" f o r  modern electronic  indus t r ia l  f a c i l i t i e s .  11 

B. Adjoining laborator ies  of 920 square f e e t  located on 
the second floor of the Research I n s t i t u t e s  have 
been remodeled: 

1. Room 2O3B (230 sq. f t . )  

This room has been prepared f o r  storage of specimens, 
equipment, and laboratory apparatus. A Harris 
Cascade Refrigeration Biological Storage Machine 
w a s  i n s t a l l e d  which operates a t  temperatures as 
l o w  as -120'~.  

2 .  Room 205 (230 sq. f t . ) ,  

This room has been prepared as a s i t e  f o r  super- 
conducting experiments. A Siemens Elmiskop EM-I1 
with accessories was in s t a l l ed .  Darkroom equipment 
has a l s o  been i n s t a l l e d  t o  expedite development of 
p l a t e s  taken during experiments i n  t h i s  room. 

- 2.8 - 
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3. Room 207 (460 sq. f t . )  

An X-ray d i f f r ac t ion  un i t  with Kratky Camera 
w a s  i n s t a l l e d .  Two vacuum pumping u n i t s  were 
developed and i n s t a l l e d  which pre-pump 
photographic p la tes  (a t  a r a t e  of 912 p l a t e s  per 
2 hours),  a l s o  with capacity t o  pre-pump 7Omm 
fi lm and camera. The eff ic iency of these pumps 
i s  such t h a t  it reduces working time by several  
hours. Plates,  f i l m ,  and camera were previously 
pre-pumped i n  the microscope i t s e l f  which involves 
a much longer time. 

C.  An additional laboratory (Room P-111) w a s  constructed 
i n  the  clean room laborator ies  of the  basement t o  
house a Hitachi Perkin Elmer electron microscope 
and accessories. This microscope w a s  i n s t a l l e d  and 
includes a double condenser lens ,  e lectron d i f f r ac t ion  
chamber, hot  and cold  stages,  and image in t ens i f i ca t ion  
system. 

D. A spec ia l  highly regulated power supply i s  located 
i n  an a i r  conditioned enclosure on the  f i f t h  f l o o r  
of  the  Research I n s t i t u t e s .  This 50-kilowatt motor 
generator s e t ,  special ly  designed and manufactured 
by Westinghouse Company, i s  equipped w i t h  a new 
so l id - s t a t e  regulator,  giving b e t t e r  than 0.1% 
voltage s t a b i l i t y  and very l o w  harmonic d i s t o r t i o n .  

E. A special  vibration-free room i s  now being b u i l t  
f o r  ins ta l la t ion  of  the  new "cryo-electron microscope, " 
t o  be adapted from the  Hitachi 11-B e lec t ran  
microscope purchased w i t h  NASA funds. The ten-ton 
f loa t ing  foundation and other features  of t h i s  
f a c i l i t y  should make it possible t o  exploi t  the 
unique s t a b i l i t y  o f  superconducting lenses operating 
i n  the pe r s i s t en t  current mode f o r  long-term 
exposures: of  t he  order of minutes t o  hours, instead 
of  the  5 t o  15-second exposures presently possible.  
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I11 I Training Program. 

A. Training has been carried out collaterally with 
and in addition to the various research projects. 
In particular, a course in Cell Ultrastructure 
(offered during the Spring Quarter, March - June, 
Tuesdays and Thursdays, 2-4 PM) is conducted f o r  
students and faculty of this univer'sity as well 
as from other institutions. (SEE ATTACHED LECTURE 
SCHEDULE). A corresponding lab course is held from 4-6PM. 

B, The laboratory has served a s  a center for short-term 
training sessions and information exchange to other 
societies and institutions. Some of the key visits 
and lectures of the past year are listed below: 

1. 

2 .  

3. 

4. 

5. 

D r .  Bruce Montgomery 
National Magnet Laboratory 
Massachusetts Institute of Technology 
April 11, 1966 

D r .  Montgomery's visit concerned a proposed 
collaboration between himself and our laboratory 
to further develop our superconducting lens 
and cryogenics program. 

BFnmPdical Career Conference Group. This was a 
group of outstanding high school students who 
received a toun through our laboratories and an 
introduction to the field of electron microscopy 
on November 20, 1965. 

Midwest Electron Microscopical Society. Members 
of this group toured our laboratory and discussed 
electron microscopic techniques on December 10, 1965. 

Participant in Hooke Lecture Series, University of 
Texas. Lectured on: "Cell Membrane Ultrastructure," 
ana nlgn Resu lub lu r l  dlCLtr uuL.vpJ sf Biclcgical  
Systems," October 28 to November 11, 1965. 

7 7 7 -  . - - - J - >  -.- v i  - -  --- nu< ny.-c.ln-mTr 

Dr. C. Harrison, Jr. 
D r .  R, Dickson 
D r .  J. Hung 
Mayo Clinic 
Rochester, Minnesota 

These doctors made a two-day visit to our laboratories 
to study our instrumentation and preparation techniques 
for examining cell ultrastructure on March 24-24, 1966. 

- 30 - 



I. 
6 .  

7 .  

8. 

9. 

10. 

NASA GRANT N s G  441-63 
ANNUAL PROGRESS REPORT 

H.  Ferngndez-Mor6,n 
1965-1966 

Lectured a t  Galileo Society, University of 
Chicago, January 10,  1966, on "New Approaches i n  High-Resolution Electron Microscopy. ??  

Lectured a t  Louisiana Society f o r  Electron 
Microscopy,_New Orleans, March 4, 1966, on 
"New Approaches i n  High-Resolution Electron 
Microscopy o f  Biological Specimens. 

Lectured a t  Indus t r i a l  Diamond Association, 
Boca Raton, Florida, March 7, 1966 on 
"Applications of t he  Diamond Knife i n  Earth 
and Space Research; 

Lectured a t  Anatomy Department, University of 

C e l l  Membranes. ' I  

Chicago, March 11, 1966, on I ?  Organization of 

Guest lectured a t  75th Anniversary Physics 
Colloquium, University of Chicago, March 17, 1966, 
on "New Approaches t o  High-Resolution Electron 
Microscopy. '' I l 
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List of Publications. 

1. 

2 .  

3- 

4, 

5. 

6 .  

7. 

8. 

9 Q  

H, FernGndez-Mor&n, Electron Microscopy with High- 
Field Superconducting Solenoid Lenses, in Proceedings 
of the National Academy of  Sciences, Vol. 53, No. 2 ,  

H. Ferndndez-Mor&, Application of High-Field 
Superconducting Solenoid Lenses in Electron Microscopy, 
Abstract in Science, Vol. _.I 148, 80.-2670, April 1965. 

H. Fern&dez-Morgn, Electron Microscopy with Superconducting 
Lenses, to be published in McGraw-Hill Yearbook of 
Science and Technology, p. 249, 1966. 

H. Ferngndez-Mor&, Forms of Water in Biologic Systems 
and the Organization of Membranes, in Annals of the 
New York Academy of Sciences, Vol. 125, Art. 2,  p. 739, 1965. 

H. Fernhdez-Mor6n and E.F, J. van Bruggen and M. Ohtsuki, 
Macromolecular Organization of Hemocyanins and Apo- 
hemocyanins as Revealed by Electron Microscopy, Journal 
of Molecular Biology, Vol. 16, p. 191, March 1966. 

E.F.J, van Bruggen and H. Ferndndez-Mor&, Reassociation 
of Hemocyanins from Subunit Mixtures , Journal of 
Molecular Biology, Vol. 16, p .  208, March 1966. 

R. Haselkorn, H, Ferngndez-Mor&, F. J. Kieras, and 
E.F.J. van Bruggen, Electron Microscopic and Biochemical 
Characterization of Fraction I Protein, Science, 
Vol. 150, 1598, December 1965z 

pp. 445-451, February, 1965.. - 

- 

- 

A.J,E. Colvill, E.F.J. van Bruggen, and H. Ferngndez-Mor&, 
Physical.Properties of a DNA Dependent RNA polymerase 
from E. coli, Journal of Molecular Biology, V o l .  17' April-lgmT -' 
u m---f-Jn- n K - . a f -  ~ I A - - ~ ~ + <  n n l  ~ T T C + o r n o  f n r  R <  n l  n m i  ,-,Dl 
11. I ' C I  l ~ a l l u c ~ - L . l u L a l ~ ,  I I . L I U I J  W & L I * . - L  u y  u "Ll'l" .A - A w I w ~ A c u I  

Study of Mars: 
electron optical techniques in Exobiology. Paper 
presented at Exobiology Summer Study on the Biological 
Exploration of Mars, Stanford University, Berkeley, 
California, August, 1964. Announced in Journal of 
Scientific and Technical Aerospace Reports by the 
National Aeronautics and Space Administration. 
Reference # SC/NsG-441. 

The role of electron microscopy and 
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10. McGraw-Hill, Inc.  11 Three New Designs Tmprove Elec t ron  
Microscopes," S c i e n t i f i c  Research, January 1966. 
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\I DUCT O P E N I N G S .  ALL 
.~ _ _  __ ARE I N C O R P O R A T E D  T O  CARRY 

OUT H I G H  R E S O L U T I O N  ELECTRON M I C R O S C O P Y  UNDER C L E A N  
0 

ROOM C O N D I T I O N S .  (DRAWING A - 1  ) 



, -  

-I 



A 

F I G .  1 a b : H I G H  VACUUM CONTAINER SPECIAALGY D E S I G N E D  FOR TRANSFER OF SAMPLING S U R N I C z S  T O  

C O L L F C T ( ~ T E R R E s " R I A L  M A T E R I A L  FOR ELECTRON MICRL%COPIC,ELECTRON D I W R A C T I O N  AND M I C R 2 P h  2 
A N A L Y S I S  UNDER C O N T R O I U D  C O N D I T I O N S  OF MINIMUM CONTAMINATION. T H I S  S T A I N L E S S  S T E E L  C O N T A I N 3 3  

PROVTDED W I T H  =TON G A S K 3 T S  AND ULTRAHIGH VACUUM VALVE CAN BE LOADW WITH S W E H A L  W?lDREE 

ELECTRON MICROSCOPE S P E C I M E N  H O m E R S ,  S INGLE-CRYSTAL M I C A . P I A S T I C  AND OTHER T H I N - F I I M  SURFACES 

@ 

UNDER RIGOROUSLY CLEAN CONDITIONS.IT IS MAINTAINEC AT A HIGH VACWM OF 10-7 to IC-% ~g DURING 
TRANSPORT TO THE CLFAN-RO(M A R E 4  WERE ATTACHMENT TO THE MODULE PANS OF THE ROCKET-LAUNCHED 

PA- TAKES PIACE,ANLl THE S P E C I M E N S  A R E  S H I P P E D  PACK A F T E R  EXPOSURE UNDER S I M I I A R  HIGH-VACLRTM 

C O N D I T I O N S  FOR DIRZCT EXAMINATION B Y  ELECTRON MICROSCOPY. CONTAINERS AND SPECIMEN H O I D E R S  WERE 

D E S I G N E D , C O N S T R U C T , A N D  TESTED BY STAFF OF ELECTRON MICROSCOP% F A C I L I T Y , B I O P H Y S I C S  DEPARTMENT, 

AND CENTRAL WORKSHOP OF THE RESEARCH I N S T I T U T E S , U N I V E R S I W  OF CHICAGO. (Sca le  i n  m.) 







4 

0 
F I G .  4 (8.b): HOILIEFG I N  
C O L I E C T  E X T R A T E R R E S T R I A L  M A T E R I A L  FOR E I E T R O N  M I C R O S C O P I C  .ELECTRON D I F F R A C T I O N  AND MICROFROBE 
ANALYSIS UNDER C O N T R O U E D  C O N D I T I O N S  OF MINIENH. CONTAMINATION. THIS S I M P L E  MODUIAR D E V I C E  CAN 

B E  R F A D I L Y  ASSEMBLED AND DISMANTLED UNDER CLEAN-ROOM AND !XEN HIGH-VACUUM C O N D I T I O N S  FOR D I R E C T  

TRANSFER OF S P E C I M E N S  T O  ELECTRON MICROSCOPE. I T  PROVIOES SECURE AITAC€MEWI' FOW SmES C ( X ( T A m Q  

S F V E R R L  "TIRED PLATINUM S P E C I M E N  HOIDERS C M T E D  wrml THIN FIlW SUBSTRATES OF D I F F W M T  TYPES, 
I N  A D D I T I O N  T O  U R G E R  SAWLING SURFACES OF FRESALY-C~VECI  SINQIE-CRYS 'PAL Y I C A . P I A S T I C  -E5 
AND -TED C O L L E C I h  SURFACES SUITABLE FOR ELEcTR~-OppICAL S l V D I E s  TO E 
THE EUCTROIp MICROSCOPE C W - R O Q I  ~ ~ J I E F A I I ~  OP B I O P f I Y S I C S , ~ I T Y  aP C E I C M O .  
(SCale in mu.) 

S P E C I A L  IIIQH-VACUUM CONTAINER FOR TRMISFH( OF S U R F A C E S  T O  

OUT AT 



A 
3 a , O ] :  S N h  WLTH P I A T I N U M  SPECIMEN H O I D E R S  I N  S P E C I A L  HIOII-VACUUM TRANSFER CONTAINER 

@ I ? C O L L k T  E X T R A T E R R E S T R I A L  MATERIAL FOR ELECTRON M I C R O S C O P I C , E L E C T R O N  D I F F R A C T I O N  AND R E I A T E D  
ELECTRON O P P I C A L  S T J D I E S  UNDER CONTROLLED C O N D I T I O N S  O F  MINIMWM CONTAMINATION. THE P I A T I N U M  

sPEcnm HOLDERS WITH SLITS AND HOLES OF DIFFERENT CONFIGURATION ARE MORE SUITABLE THAN THE 
STANDAFD T H I N  COPPER MESH ELECTRON MICROSCOPE S P E C I M E N  HOLDERS FOR T H E S E  C R I T I C A L  S T U D I E S .  

THE P I A T I N U M  H O I D E R S  A R E  COATED WITH ULTRATHIN (100- 300 A) CAF.BON,FORMVAR,SILICON MONOXIDE 

F I I A I S , S I N J E - C R Y S T A L  GRAPHITE OR MICA LMELIAE AND OTHER T Y P E S  O F  SUBSTRATES S U I T A B L E  F3R 
H I G H  R F S O W T I O N  ELECTRON M I C R O S C O R  ANT ELECTRON D I F F R A C T I O N . T H E  F I I M S  WERE D E P O S I T F B  I N  A 

iiMF.O-EA."bOlJ F h E E , U L T R A H I G H  V A C W M  U N I T  WITH VARIAN ION-PUMP 

ZPECI!.X:;S ' E R E  PREPARED FOR THE THREE CONTROL CONTAINERS A T  THE D I F F E R E N T  S I T E S  OF THE 

7?:P'?I!.!! .!TS 'TUITEU WITH THE "LUSTX"' P R O J E C T  SAMPLING FLTGHT SCifEDULED FOR NOVEMBER 1965. 

to lO-'mm Hg. ) D E N T I C A L  



8 

TIC. 6 (a,b): SLI2F.S OF FI(ESHLii C m E 3  JIlGLE-CRYSTAL I Z C A  AND OF W C I T E  IN SPECIAL HICH- 

CRYSTAL MICA S J R F A C E S  PROVIDE, IDEAL,CLLAN A D  A T O f 4 I C A U Y  



I I 

N A I O N A L  AIRONAWKS AND WAC€ ADMC(ISlRA1ON 
AM€S RfYARCH C f N T H ,  M O F l E l l  FELD. C l l l F O l N I A  





Figure 3 - Sampling Suri':ices a t t ached  to an oper, moau;e pan ana c wcr. 

NATIONAL AflONAUIlCS A N D  SPACE A D M H I S T R A I O N  
AMES RfSfARCW CfNIER, M O f F f I I  FlfLD. CALIFOINIA 
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F I G U R E  C-1 :  ELECTRON MICRDGRAFliS AND D I F F R A C T I O N  PATl'FhN 0 RTPRESENTAXVE ;CK%OL ?!!I3 F I I M S  OF CARBON-SILICON-MONOXIDE-COATED 

FORMVAR ( c a . 2 0 0 - 4 0 0  A )  COVERING S L I T  A P E R W R E  O F  PIATIX'JH S R C I E i  !iCL"EPpC. i ' k s ' ; r c . p  C o n t r o l  Series iio. E-23 i E-25). 

THESE EXCEPTIONALLY STABLE AND CHEMICALLY I N E R T  SPECLMEN SUPPORT?  APT S''RPIM. TO TW CTANDARD COPPER SPECIME?J  ;RIDS. THEY F i i O j I L E  

AN UNOBSTRUCTED VIEW OF THE E N T I R E  S L I T  AREA (Ca. 

!:::DER CONDITIONS OF M I N I M I Z E D  SPECIMEN CONTAMINATION AND RADIATIO' :  3AHA;E P ' i  "SI I ; FLECTRON MICROBEAM ILLUMINATION OF V6PY LOW 

I N T E N S I T Y  ( i m a g e  c u r r e n t  d e n s i t y  of a b o i t  

WERE PREPARED B y  EVAPORATION OF PURE CARBON AND/OR C - S i 0  IN ULTPA!!I;!i VAC " W  i lC--m H P )  OF VARIAN U N I T  WITH IO!! PUXF A!= SOEPTIO!; 

1 X 0 . h )  yHIC!l 1: P I P S T  -33 A X  PHOTCGRAPHEC A T  LOW MAGNIFICATIONS ( t o p  v i e w )  

to 10-l' m p a / c r n i ) . A : i C  A L I ;  IL ::ITRO;EN SPECIMEN COLD STAGE. THE V I U 6  S I lBsTIaTEr  

FOREPUMP WITH LIQUID NITROGEN COLD T R A P , T H U S  ELIMINATING ANY P O S S I P I L I T Y  Ot  CO!*TAMI:IATIO!; WITH O I L  VAPORS. THE F I L M S  ARE i4OU':TEC ai 
FULTINUM HOLDERS (FINAL CLEANING BY HFATING I N  HIGH VACUUM) USING QUARTZ-DISTILLEL .l :LTRAFILTEREO WATER ANIl REAGENTS OF CONmOLLE1i  

p ; , \ ~ ~ y , A m  OBSERVIN: THROUC~HOUT RIGOROUS C L F A N L I N E S S  PRECAUTIONS I N  S P E C I A L  CLEAN-ROOM ELECTRON MICROSCOPE L A F O ! ~ T O H I E S  E Q l l I F F F i ~  W W H  

A I R  C O i ~ I T I O N I p I G  SYSTEM CONTAINING (CAMBRIDCE)"ABSOLuTE" F I L T E R S  WHICH A R E  EXPRESSLY C E S I S N E D  TO PREVENT CONTAMINATION. EACH SFECIKEII  

HOLDER I S  KE;pP I N  I N D I V I D U A L  S E A m  MICRO-DESICCATORS AND PROVIDED WITH SEPARATE f lANDLIX3 D E V I C E S  TO E L I M I N A T E  A::Y COXTACT WITR 'THF 

OPERATOR'S  HANDS DURIN';  THE ELECTRON MICROSCOPY S T U D I E S .  THE CONTROL F I I M  D I S P I A Y E D  ABOVE SHOWS A FEW"M1CA F H H T I C L E S "  , INTROIjiJZEC 

DURIN~: STRIPPING FROM CLEAVED MICA SURFACE. THESE PARTICLES-WHICH CAN R E  READILY RECOCNIZED BY T H E I R  CHARACTERISTIC IVAGES AND ELECTROhI 

DIFFRACTION PATTERNS- ARE PRACTICALLY THE ONLY CONTAMINANTS FOUND I N  THE CONTROL SPECIMENS.  A S  SHOWN ( l o w e r  l e f t )  THE FIIh: SIJFFACFS 

A R E  EXTREMELY SMOOTH,UNIFORMLY CLEAN,DEVOID OF BACKGROUND STRUCTURE AND PARTICUIARLY F R E E  OF ANY RECOCNIZAFLE 

ELECTRON D I F F R A C T I O N  PATTERNS ( l o w e r  right) RECORDED FROM THESE F I I M S  CONSISTENTLY FEATURE THE CONCENTRIC D I F F U S E  R I N G  PATTERNS 

C H A R A C T E R I S T I C  OF CARBON-SILICON-MONOXIDE-FORMVAR SUBSTRATES. MICROGRAPHS AND D I F F R A C T I O N  PATTERNS RECORDED A T  80 k V , W I T H  P O I N T  

CATHODE OF SING=-CRYSTAL TUNGSTEN I N  S I E M E N S  E I M I S K O P  IA HkVING SEPARATE O P J E C T I V E  LENS POWER SUPPLY OF IMPROVED S T A B I L I T Y .  

MAGNIFICATIONS:  ( a l l o w i n g  f o r  reduction i n  reproductions) T o p  v i e w :  1OOx; Lower l e f t :  12,000 X .  

(0R:ANIC) CONTAMINANTS. 



FIGURE C-2: ELECTRON MICRCCRAPHS OF REPRESENTATIVE CONTROL THIN F I I M S  OF FORWAR COATED WITH CARBON AND SILICON MONOXIDE. 

( " ~ ~ ~ ~ ' 1  control series NO. E-23) .  THESE MICROGRAPHS WERE TAKEN FROM A I A R ~ E  SERIES OF PRINTS SYSTEMATICALLY RECORDED AT 

HIGHER ELECTRON OPTICAL MAGNIFICATIONS TO MAP OUT THE ENTIRE VISIBLE SPECIMEll F I I M  AREA I N  EACH CONTROL SAMPLE. THE F I I M  

SURFACES ARE m y  SMOOTH AND CONSISTENTLY FREE FROM ANY RECOGNIZABLE PARTICUIATE OR DROPLET CONTAMINANlS,ESPECIALLY OF THE 

(ORGANIC) TYPE FREQUENTLY SEEN IN THE EXPOSED "LUSTER" SPECIMENS FEATURING A MARKED SENSITIVITY TO ELECTRON BEAM IRRADIATION. 

EXCEPT FOR OCCASIONAL "HOLES" VISIBLE I N  THE UNDERLYING PORMVAR SUBSTRATE THESE F I W  ARE OF EXCEPTIONAL UNIFORMITY AND COHERENCE. 

NOTICE THE "CLEAN" MRRGINS OF THE HOLES W C H  DO NOT SHOW THE TYPICAL DROPLET PATTERNS COMMONLY FOUND IN CERTA'IN OF THE EXPOSED 

"LUSTER ~ m , c m ~ s "  (SEE,POR EXAMPLE, FIGURES L-13 t o  L-15) .  MICROCRAPUS RECORDED WITH LOW INTENSITY MICROBEAM ILLUMINATION AND 

S m I A L  C o r n  sTAGE(LIQUIIl  NITROGEN,TYPEARMBRUSTER) UNDER CONTROLLED CONDITIONS GIVING A REDUCED CONTAMINATION RATE OF ABOUT 0 . 1  6 
PER SECOND IN ELMISKOP IA FITTED WITH "VITON" CASKETS. EXPOSURES ON 70 m KODAK HIGH DEFINITION F I l M  OR ON KODALITH PHOTffiRAWIC 

F I l M  PERMITTING U N I " J m  RECORDING OF 70 tO 90 FRlVlES WITHOUT BRFAKING THE HIGH VACUUM.THUS FURTHER REDUCING CONTAMINATION 

PROBLEMS. MRGNIFICATIONS:(in reproductions): 129000 x. 
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>R.A:IIIPICATIO!;: ( i n  reproductions): j700X - (top); 7400 X - (ba t tan ) .  
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< i For THE IARSER PARTICUYiTE COMPOIENTS ( t o p  frame). THE PREPOIiDWLNCE OF THE AMORPHOUS MnTLPIAL COMETII!E: OBSCL'RBJ 1"~ POUNDA- 

i . IFS Of THE IITDIVIDUAL CONSTITUENT PARTICLES (bot tom r-e) AND GIVES THE IMPRESSION TlIAT WE ARE DEALING WITH MUCII  IAPCEF, PARTICLES. 

PATCHES OF THIS MATERIAL ARE ENCOUNTERm I N  ABOUT ONE THIRD OF ALL SPECIMEN HOLDERS EXAMINED I N  OUR PRELIMINARY SURVEY. HOWTVER.THEY 

A R F  PARTICUIARLY PROMINENT I N  FIIMS WITH HOLES AND FISSURES.IND1CATING THAT T E S E  PARTICLE COMPLEXES MIGHT POSSIBLY BE THE "DEBRIS" 

0% I hA;lBSTEZ REMNANTS OF IARGER IMPINGING PARTICLES.THIS PARTICLE COMPLEX CAN ONLY BE DETFCTW I N  THE FORM SHOWN ABOVE I F  S P E C U L  

PhFCAYTIONS ARE TAKEN TO RWUCE ELECTRON BOMBRRDMENT, CONSIDERABLY RWUCE CONTAMINATION EFFECTS AND PROTECT THE SPECIMEN DURING 

ORCEHVATION I N  THE ELECTRON MICROSCOPE BY USING L I W D  NITROGEN SPECIMEN COOLING DEVICESIMAONIFICATIONS:(rsprod.):both 19,000 x. 



~~ 

',a . - . 
PAPTICLFS O:lL? lu! ,'i I., Ih 

ARE PRDOMINANT I N  1V"Y AREAS)  DENSE PARTICLES IS  SiIOWN U l  TiiE UPPER MICRO2IJ.PiI. BELOW I S  A SELLCTFL A 1 . U  F L  

DIFFRACTION PATTERN FROM A SIMILAR REGION FEATURING A PATTERN OF CONCENTRIC SHARP R I N G S  WITH 1,ISCPETE SEOl E A i T  

ASCFIBEC TO E F  (CPYSTALLINE)  PARTICUIATE COMPONENTS. PRECISE W A S U R ~ l i T S  ART. NOW B F I K  CARRIED OUT ON THESE D I F F W C  i I 0 i . i  

PA;IEh::C A!.? A?'TZ+".PTS WILL BE MADE TO DETEFMINE THE I A T T I C E  PAFAKFTERS 01.' THE U I F F R A C T I W  MATERIAL. A CHAWLCTERISTIC 

SMALL-A:I;LP PATTER!: ( r e f l e c t i o n s  of ca. !' A t o  17 A )  (See Fig. L-12) CAN ALSO BE IrECORDED IINDER APPROPRIATE CONDITION!; 

FROM THESE SPEC1:fi:; AR-AS. MA~'lIFTTATTO?'  f i r  ?*nrod'?r+lnnc~!l~) nr'n y. 







i'I?URE L-11: ELECTRON MICROGFAPHS AND COKRESPONDIlG SELECTED-AliEA ELECTRON DIFI~'RACTIO!J PATTEHIS PECOHDEC I !<Old i lEN3I ?"fiFIIS OTl'OPIC' I ' k O i . '  

FOUND CONDENSEC ON THIN F I I M  OF PLWINUM SPECIMEN HOLDER EXPOSED DURING THE NOVEImER 16, 

AS SHOWN I N  THE ELECTRON MICROGRAPHS ON THE LEFT SIDE, 

HAVE BEEN MASKED OFP TO RECORD THE DIFFFACTION PATTERNS FROM THESE S I T E S  ONLY. 

(SMALLANGLE) PATTERNS (particularly bottom right showlng enlarged segment of Dattern close to Central hem) FFAWRE A NUImER O F  

REFLECTIONS I N  THE RANGE OF 7A t o  about 186. HOYNER. THESE PATTERNS ARE STILL NOT CONSISTENTLY REPRODUCIBLE. AND FURTHER IMPROVE- 

MENTS I N  RECORDING TECHNIQUES WITH SPECLMEN COOLING DOWN TO -180° COMSINED WITH IMAGE INTENSIFIERS OF THE MINE-KOMODA TYPE WILL BE 

REQUIRW I N  ORDER TO OBTAIN REIJXBLE DATA ON THIS IMWRTANT COMPONENT. MRGNIFICATIONS: 

1965 LUSTER FLISIIT. ("L1ISTER"SERIE; N O . C - 1 I )  

CERTAIN ARFAS CONTAINING THE TYPICAL (INTACT) DENSF, EUBMICROSCOPIC DROPLETS 

THE CORRESPONDING SELECTEU-ARM, HIUH RE;I)UiTIOII 

(in reprod.):(tOp left)19,000 X; 25,OOOX(bottom). 



WHEN TiiE PECULIA. 

CRYSTALLINE DIi'Ti>.; 1 I C . I  I ' . . 1.L- I ' 
3 0  CEkIEC T 

li1:Il HF,SOLw~IO:I ( SiU~LL- 

fa t t i  aci3s.etc.) coI.IPoI:3s. 





~ I S U R E  ~-14 : ELECTRON MICROGRAPHS OF CONCLO~FATES 01. A S ~ ~ I C  DENSE PARTICLFS FOUND AT THE EDGES a- n t m m r n  THIN F T M ~  

ON PIATINUM SPECIMEN HOIDERS EXPOSED DURING THE NOVEMBER 16. 1965 UJSTER FLIGHT. ( "WSTER"  SERIES NO. 0.13). 

THIS TYPE OF ASYMMETRIC DENSE PARTICLES (See also F l W e  L-4 & L-43) IS OFTEN FOUND I N  DIFFERENT STATES OF AGGREGATION AT THE 

EDGES OF CHARACTERISTIC TEARS AND F I S S U R E  I N  THE CARBON-FORMVAR FILMS. THE PARTICLES FAmllENTLY FEATURE A ROUNDED '"NOSE-CONE" 

CONFIGURATION (see also Fig-. L-1.2) WHICH M Y  BE REIATED TO THEIR MODE OF IUPINGWXNT ON THE RESISTANT THIN SPECIMEN SUBSTRATES. 

THESE PARTICLES 

NOT YET BEEN DETECTED I N  THE CoNTRDL SPECIMENS. 

ABOUT 0 .4  to 0.5~ ARE FREQUENTLY ENCWNTERED I N  MANY OF THE "LUSTER" SPECIMENS. PARTICLES OF T H I S  TYPE HAVE 



P 

. . :-..:.i.:. . 



0 I 

("LUSTER" SERIES NO. A-13) .  

THIS W C T E R I S T I C  ELECTRON-SENSITIVE MATERIAL CMSELY RESEMBLES THE "DROPLETS" AND AMORPHOUS MATERIAL FHFQUENTLY FOUND I N  THE 

"msm- SPECIMENS ( x i .  FIGURES L-4-a). WHEN THESE AREAS (top frame) ARE FXAMINEC WITH MICRO-BEAM ILLUMINATION OF MW INTENSITY 

USIlR) A UWID NITACGFN SPFCIMFN COOLING DEVICE, THE DENSE DROPLWS ARE RELATIVELY WELL PRESERVED. 

OF THE ELECTRON-FFAH INTEISITY,  THE DROPLETS IMMCDIATELY VOIATILIZE AND TURN INTO 'TYPICAL "FOAMY" STRUCTWiES 

THIS IUTERLAL. PHEQURNTLY FOUND AT THE EDGES OF FENESTRATIONS I N  THE CARBON-FOWAR FIIM, HAS NOT BEEN DETECTED I N  THE CORRESPONDING 

CONTROL SPECIMENS. ORIGINAL MAGNIFICATIONS: 50,000 X. 

HOWEVER, UPON SLIGHT INCREASE 

(bottom frame). 
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0 

.-.. ~ __ ___~ .~~ ~ . . .-__.~._____-.--.~~ .~~ ~. . 

P 5 I z l G  PATTERNS WITH 

PATTEPNC OBTAIllZZ FPO 91,2;Plgs.22,25) .THEY MAY 
IL4LL-ANGLE PATTERNS WITH SPACINGS 

OF 12-176. WHICH ARE BEING FURTHER INVESTIGATED. M A G N I F I C A T I O N : ( O r i g i n a l  mag.:15,300 X).DIFFRACTION PATTERN RECORDED AT 75 kV. 
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